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SUMMARY 


The  study  was  undert  iken' to  determine  the  feasibility  and  advantages 
of  applying  aerospaca  technology-'ShcT  methods^to  the  design  of  a new 
generation  of  strategic  submarine.  The  stud^^ocused  on  how  these 
methods  and  techniques  could  be  applied  to  improve  the  operational 
capability,  and  cor-t  of  acquisition  and  ownership  of  our  strategic 
submarine  deterrent  forces.  Systems  Engineering  and ^integration  and 
flesign  to  Cost  methods  used  successfully  on  programs  such  as  Titan 
launch— vehicles*  Skylab^and  Viking  were  applied  and  it  was  deter- 
mined that  performance  and  cost  could  be  enhanced  over  that  presently 
exhibited  by  a SSBN  640  class  submarine.  In  general  the  results 
will  also  be  applicable  to  strategic  submarines  presently  under 
construction  since  they  and  the  SSBN  640  share  the  's.am4-  philosophy 
of -independent  subsystem  mechanization  and  crew  operation  and  it  is 
in  changing  these  areas  that  the  greatest  gains  can  be  achieved. 

These  results  relate  to  the  subsystems  within  the  boat  excluding 
weapons  and  reactor  and  hull  design.  The 'application  of  these  tech- 
niques involved  the  assumption  that  the  new  generation  of  strategic 
submarine  should  be  an  integrated  man/machine  interactive  weapons 
system  with  a long-life  requirement. 

The  study  resulted  in  a concept  for  a new  generation  strategic  sub- 
marine manned  by  a crew  complement  of  30  that  is  capable  of  remain- 
ing continuously  on  station  for  a year  or  more,  providing  a choice 
in  the  selection  of  operating  cycles.  Economic  analyses  performed 
in  the  study  indicate  that  if  the  entire  fleet  of  strategic  submarines 
were  to  be  developed  with  this  philosophy,  the  life  cycle  cost  savings 
would  be  $1.9  billion  in  present  value  ($3.7  billion  in  1976  dollars) 
over  a new  fleet  designed  as  extensions  of  existing  SSBN  designs. 


The  study  conclusions  are  .based  on  the  results  of  a detailed  func-  ! ' 

tional  analysis  of  an  existing  strategic  submarine  and  the  subsequent  ' 

upgrading  of  the  subsystems  within  it  by  appropriate  aerospace  tech-  ■ j 

nlques  of  using  computers  for  control  when  they  are  suited  to  the  ? 

function.  Not  all  systems  in  the  existing  submarine  were  upgraded. 

Only  those  systems  were  upgraded  wherein  a positive  return  could  be 

achieved  in  terms  of  increased  time  on  station  or  enhanced  surviva-  J | 

bility,  or  where  a cost  benefit  would  accrue  without  jeopardizing  \ 

the  improved  time  on  station  or  survivability.  After  the  subsystems 

were  upgraded,  they  were  integrated  together  into  a ship  operated  ; j 

from  a set  of  central  control  consoles.  • \ 


The  new  generation  SSBN  concept  developed  in  the  study  has  two  char-  j 

acteristics  which  make  it  significantly  different  from  an  existing  j ’] 
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achieved  primarily  through  the  application  of  the  manual  actions  of 
a dispersed  crew  with  information  transferred  verbally  from  man  to 
man.  The  new  generation  SSBN  would  have  man  commanding  computers 
from  a central  console  location.  The  computers  would  then  operate 
the  designated  subsystems  and  report  data  back  to  the  operator  in 
essentially  the  same  mode  of  man/machine  interaction  which  has  been 
successfully  demonstrated  in  space  programs  including  Skylab,  Space 
Shuttle,  and  Viking. 

The  second  characteristic  is  the  way  in  which  reliability  is  achieved. 
The  Viking  program  will  serve  as  an  example.  Clearly,  there  could  be 
no  servicing  of  equipment  for  the  one-year  flight  time,  nor  during 
time  on  the  planet  Mars.  Reliability  on  Viking  was  achieved  by  making 
the  elements  of  the  subsystems  redundant  and  having  computers  (them- 
selves redundant)  continuously  monitor  the  health  of  each  element. 

In  this  way  the  computers  removed  elements  about  to  go  bad  and  re- 
placed them  with  their  redundant  counterparts.  This  concept  of  re- 
dundancy was  applied  to  the  restructuring  of  the  subsystems  within 
the  strategic  submarine.  Options  of  ways  to  implement  redundancy 
are  discussed  in  Appendix  I. 

In  developing  the  concept  for  the  new  generation  SSBN,  the  systems 
were  first  designed  to  optimally  meet  the  functional  requirements 
followed  by  determination  of  the  crew  requirements  to  operate  the 
systems,  rather  than  having  a given  crew  size  determine  the  degree 
of  mechanization  and  automation  of  submarine  systems.  To  implement 
the  new  concept  standard  Navy  hardware,  computers,  and  microprocessors 
were  evaluated  and  found  to  be  sufficient  to  meet  most  of  the  design 
goals.  Concomitant  technology  recommendations  and  advances  are  de- 
lineated in  the  Conclusions  and  Recommendations  section  of  this  report. 

Finally,  it  was  recommended  that  development  of  the  new  concept  be 
implemented  in  a series  of  steps  beginning  with  a functional  mockup. 
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II.  INTRODUCTION 


A.  OBJECTIVE 


The  objective  of  the  study  was  to  evaluate  and  demonstrate  the  applic- 
ability of  advanced  aerospace  technologies  to  the  development  of  a 
conceptual  design  for  the  next  generation  of  strategic  submarines. 

The  study  was  undertaken  to  evaluate  not  only  the  applicability  of 
aerospace  technologies  but  also  to  determine  whether  or  not  such 
application  could  result  in  improved  performance  and  improved  satis- 
faction of  SSBN  functional  requirements  over  and  above  those  which 
are  currently  achieved  on  contemporary  strategic  submarines. 

The  emphasis  in  the  study  was  on  how  the  concept  of  man/machine 
interactive  systems  employed  so  successfully  on  Skylab  (and  to  be 
used  on  the  Space  Shuttle)  could  be  applied  to  strategic  submarines. 

In  these  space  systems,  the  man  commands  several  computers  each  of 
which  can:  (1)  serve  as  the  intelligence  element  of  several  servo 
mechanism  loops;  (2)  gather,  process,  format  and  present  data;  and 
(3)  keep  track  of  the  health  of  hardware.  In  the  space  application, 
relatively  few  men  efficiently  controlled  all  the  systems  of  a vastly 
complex  spacecraft.  Another  aerospace  technology  which  appeared  to 
have  merit  for  submarine  application  was  the  concept  of  achieving  the 
reliability  necessary  for  long-life  (unserviced)  operation  through 
computer-controlled  subsystem  failure  detection,  isolation  and  redun- 
dancy switching.  This  concept  worked  perfectly  on  Viking  (and  other 
spacecraft)  enabling  every  system  on  board  to  operate  for  more  than 
a year. 

An  additional  objective  of  the  study  was  to  evaluate  economic  impact 
of  implementing  these  technologies  in  the  development  of  the  new 
generation  of  strategic  submarines — specifically,  to  determine  if  the 
application  would  reduce  future  development  and  operational  costs  and 
to  delineate  the  comparative  cost  advantages  and  disadvantages  by 
system  and  crew  impacts. 

B.  APPROACH 


The  study  approach  is  illustrated  in  Figure  II-B-1.  Five  major  study 
tasks  were  involved.  These  tasks  are  briefly  discussed  below  with 
detailed  discussions  of  the  analysis  and  development  approaches  pre- 
sented as  applicable  in  subsequent  sections  of  the  report. 
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Functional  Analysis 


In  order  to  conduct  the  study  in  a meaningful  manner,  it  was  necessary 
to  first  perform  a detailed  functional  analysis  of  an  existing  stra- 
tegic submarine  performing  nominal  and  non-nominal  evolutions.  The 
640  class  SSBN  was  selected  as  the  baseline  strategic  submarine  at  the 
suggestion  of  ARPA  and  NUSC.  The  baseline  strategic  submarine  was 
evaluated  in  terms  of  the  subsystems  shown  in  Table  II-B-1  and  detailed 
functional  analyses  of  these  subsystems  and  the  ships  crew  were  per- 
formed. These  data  served  as  the  baseline  point-of-departure  for  the 
development  of  a conceptual  design  for  the  next  generation  SSBN. 

Degrees  of  Mechanization  and  Selection  Criteria 

Five  degrees  of  mechanization  were  identified  ranging  from  activities 
which  are  totally  manual  to  those  which  are  performed  completely  by 
computers  acting  on  their  own.  Figure  II-B-2  provides  a general  des- 
cription of  the  five  levels  of  mechanization  (by  column)  and  examples 
of  how  various  activities  are  accomplished  among  the  five  levels. 

The  current  level  of  mechanization  of  the  elements  comprising  the 
baseline  submarine  subsystems  was  approximated.  Five  selection  cri- 
teria were  developed  to  determine  the  value  of  advancing  any  subsys- 
tem element.  The  decision  to  move  any  subsystem  element  from  where 
it  is  now  to  a higher  level  of  mechanization  was  based  on  the  selection 
criteria  value  and  integration  into  a total  ship.  The  five  selection 
criteria  and  elements  of  evaluation  are  summarized  in  Table  II-B-2. 

Application  of  Selection  Criteria  and  Crew  Size  Determination 

The  selection  criteria  were  developed  by  the  functional  analyses  and 
assessment  of  the  SSBN  mission.  Each  selection  criteria  was  compared 
to  the  other  to  determine  its  relative  value.  The  increased  mechan- 
ization of  any  system  or  function  was  determined  by  the  gain,  or  loss, 
obtained  as  a result  and  the  necessary  integration  of  the  systems  to 
ensure  an  operable  weapons  platform.  A crew  structure  was  then  con- 
structed to  support  normal,  abnormal,  and  infrequent  situations  which 
may  develop. 

Economic  Analysis 

A detailed  economic  analysis  which  priced  the  hardware  and  software 
to  implement  the  design  was  estimated  as  necessary.  In  order  to  per- 
form this  costing  analysis,  a strawman  hardware  and  software  concept 
using  off-the-shelf  Navy  equipment  configured  to  embody  the  necessary 
redundancy  to  achieve  extended  time  on  station  was  developed.  The 


Table  II-B-1  Submarine  Systems  Investigated 


• Ship  Control 

• Engineering  Plant 

• Auxiliary  Services 
§ Navigation 

• External  Communications 

• Sonar  and  ECM 

• Defensive  Weapons 

• Strategic  Weapons 

• Human  Habitability  and  Environmental  Control 

• Casualty  and  Damage  Control 


concept  was  altered  away  from  optimum  in  both  equipment  and  crew  size 
and  a cost  sensitivity  analysis  was  performed. 

Recommendations  for  Future  Work 


The  study  culminated  in  a concept  that  appears  to  be  valid  and  bene- 
ficial. A course  of  future  study  and  development  involving  valida- 
tion of  principal  elements  of  the  concept  by  means  of  a low  cost 
functional  mockup  is  recommended. 


'S  ’ S 


II-4 


Figure  II-B-2  Degrees  of  Mechanization 


Table  II-B-2  Selection  Criteria 


CRITERIA 

1.  Decrease  Cost 
?.  Increased  Availability 


3.  Reduced  Crew  Size 


EVALUATED  IN  TERMS  OF: 

• Costs  of  design,  construction,  testing  and 
lifetime  maintenance. 

• Improved  strategic  weapon  and  navigation 
subsystem  operation. 

• Improved  communications. 

• Improved  comnand  and  control . 

• Reduced  refit  time. 

• Increased  reliability. 

• Improved  operating  cycles. 

• Reduced  control  stations  locations, 
t Reduced  maintenance  requirements. 

t Decreased  life  cycle  costs. 

• More  effective  personnel  usage. 

§ Improved  operational  capability, 
t Reduced  in-port  support. 


4.  Increased  Survivability 

• Reduced  own-ship  detectability. 

• Improved  covert  escape  capability. 

• Improved  tactical  weapon  capability. 

• Improved  contact  detection  capability. 

• Automated  contact  analysis. 

• Improved  reaction  time. 

5.  Improved  Operability 

• Technology  availabil ity. 

• Improved  ship's  safety. 

• Using  computers  to  perform  status,  record- 
keeping, and  maintenance  evaluation. 

« Reduced  human  error  potential. 
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III. 


RESULTS 


A.  FUNCTIONAL  ANALYSES 


The  results  of  a systems  engineering  analysis  of  an  existing  fleet 
ballistic  missile  submarine  are  presented  in  this  section  of  the 
report.  The  purpose  of  the  analyses  was  to  provide  a detailed  under- 
standing of  the  manner  in  which  various  submarine  subsystems  and  the 
crew  interact  to  accomplish  the  mission  objectives  of  an  operational 
SSBN.  These  data  served  as  the  reference  for  establishing  a baseline 
sec  of  functional  requirements  for  the  new  generation  SSBN. 

The  approach  used  in  performing  the  analysis  was  to  first  categorize 
the  operations  performed  within  the  submarine  into  functional  divi- 
sions. Each  of  these  functional  divisions  was  then  designated  a sub- 
system and  che  hardware  elements  within  the  baseline  submarine  were 
sorted  into  their  applicable  subsystem.  The  SSBN  640  class  submarine 
equipment  was  used  because  of  the  availability  of  previous  operational 
history  and  characteristics. 

Two  interrelated  types  of  functional  analyses  were  performed.  One 
type  involved  an  analysis  of  the  basic  SSBN  operational  subsystems; 
the  emphasis  in  this  analysis  was  on  systems  and  associated  equip- 
ment elements  and  their  operational  characteristics  under  normal  and 
emergency  conditions.  The  other  type  of  functional  analysis  was  di- 
rected to  a delineation  of  crew  functions,  operations,  and  activi- 
ties required  co  operate  the  SSBN.  Obviously,  the  two  types  of  func- 
tions are  interdependent — they  have  been  separated  for  purposes  of 
discussion  only.  The  system  and  element  functional  analyses  are  pre- 
sented in  Section  1 and  the  crew  functional  analyses  are  presented 
in  Section  2 below. 

The  date  developed  in  the  functional  analysis  was  used  in  the  develop- 
ment of  the  concept  for  the  new  generation  of  strategic  submarine. 
Within  tht  technical  analysis  section  of  the  report,  each  current 
SSBN  640  system  (element)  was  evaluated  in  relation  to  integrated 
subsystem  operation  to  determine  its  functional  necessity  to  the  "new 
generation  submarine." 

1 . System  and  Element  Functional  Analyses 

The  operational  functions  of  our  baseline  submarine's  subsystems  were 
analyzed  under  normal  and  emergency  cruise  conditions  and  when  the 
ship  is  submerging  and  surfacing.  To  support  this  analysis,  data 
were  obtained  by  reviewing  available  Naval  documentation,  through  re- 
tired id  active  duty  Naval  personnel  experienced  directly  with  stra- 
tegic submarines,  and  Martin  Marietta  engineering  staff  personnel. 
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The  subsystems  were  thoroughly  evaluated  to  establish  functional 
commonalities,  interrelationships,  and  independence.  The  ten 
subsystems  identified  are  listed  in  Table  ITI-A-1.  Functional 
analyses  within  each  of  the  subsystems  listed  were  performed. 

The  results  are  presented  below. 

Table  III-A-1  Subsystem  Categories 


SUBSYSTEMS 

a)  Ship  Control 

b)  Engineering  Plant 

c)  Auxiliary 

d)  Navigation 

e)  External  Commun-  ations 

f)  Sonar  and  Electronic  Countermeasures 

g)  Defensive  Weapons 

h)  Strategic  Weapons 

i)  Habitability 

j)  Casualty  and  Damage  Control 


a.  Ship  Control  - The  ship  control  subsystem  consists  of  system 
elements  required  to  perform  and  maintain  four  submarine  operational 
functions  under  normal  and  emergency  conditions.  The  four  operational 
functions  are — 1)  submerging,  2)  surfacing,  3)  buoyancy  control,  and 
4)  steering  and  diving. 

1)  Submerging  - The  capability  to  submerge  the  ship  from  a sur- 
face-floating condition  requires  that  the  "Rig  for  Dive"  prerequisite 
checklist  is  completed  and  the  operation  is  accomplished  by  flooding 
the  main  ballast  tanks  (MBT)  with  sea  water  through  the  open  flood 
ports  in  the  bottom  of  each  tank  and  venting  the  air  at  the  top  of 
each  tank.  The  major  system  elements  required  to  accomplish  this 
operation  and  the  related  functions  of  each  are  presented  in  Table 
III-A-2,  and  functionally  illustrated  in  Figure  IIl-A-i. 
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2)  Surfacing  - Surfacing  a submerged  submarine  is  normally 
initiated  at  periscope  depth  by  using  compressed  air  to  blow  the 
sea  water  out  of  the  main  ballast  tanks.  The  surfacing  is  accom- 
plished by  any  one  of  three  methods — normal  blowing,  emergency 
blowing,  low  pressure  blowing.  The  system  elements  and  the  func- 
tions for  each  of  these  operations  are  listed  in  Table  III-A-2, 

and  the  functional  interrelationships  are  presented  in  Figure  III-A-2. 

3)  Buoyancy  - The  overall  buoyancy  of  the  ship  is  controlled 
either  by  pumping  water  overboard,  or  by  flooding  water  into  a depth 
control  tank  and  then  pumping  it  to  a variable  ballast  tank  to  main- 
tain the  desired  trim.  In  conjunction  with  the  trim  control,  the 
hovering  sequence  performs  accurate  depth  control  by  rapidly  moving 
ballast  sea  water  between  the  sea  and  the  two  depth  control  tanks 
(DCT). 

The  major  system  elements  and  functions  for  the  trim  control  and 
hovering  sequence  are  presented  in  Table  III-A-2  and  are  represented 
pictorially  in  Figure  XII-A-3. 

4)  Steering  and  Diving  - The  steering  and  diving  system  provides 
the  longitudinal  stability  and  control  of  the  ship  by  the  hull, 
fixed  stern  stabilizers,  and  movable  control  planes.  The  system  pro- 
vides control  of  the  rudder  and  diving  planes  under  normal  and  emer- 
gency conditions.  An  automatic  steering  and  diving  system,  Conalog, 
can  also  be  used  to  control  the  rudder  and  diving  planes. 

The  principal  system  elements  and  respective  functions  are  listed 
in  Table  III-A-2,  and  the  functional  flow  of  these  elements  is  illus- 
trated in  Figure  III-A-4. 

b.  Engineering  Plant  - This  subsystem  consists  of  rumerous  in- 
dividual propulsion,  electrical,  steam-flow,  and  auxiliary  support 
systems  and  equipment.  It  is  difficult  to  analyze  the  subsystem  as 
a single  entity;  therefore  it  has  been  subdivided  into  the  two  sys- 
tems— Ship  Propulsion  and  Steam-Feed  Flow. 

1)  Ship  Propulsion  - This  system  provides  the  forward  or  reverse 
propulsive  force  of  the  ship,  and  the  generation  of  electrical  power. 
The  primary  system  elements  that  comprise  the  Ship  Propulsion  System 
are  presented  in  Table  III-A-3,  along  with  the  specific  functions  of 
each.  Figure  III-A-5  illustrates  the  functional  flow  for  this  system. 


2)  Steam-Feed.  Flow  - This  system  provides  the  means  to  distri- 
bute the  steam  to  the  steam-operated  equipment  and  to  return  the  con- 
densate as  a feed  water  supply  to  the  steam  generator.  Analyzing 
this  system  provided  a thorough  understanding  of  the  major  system 
elements  that  comprise  this  system.  Table  III-A-3  presents  the  re- 
sults of  this  analysis,  and  Figure  III-A-6  illustrates  the  functional 
interacts  of  each  element. 

c.  Auxiliary  Subsystem  - The  Auxiliary  Subsystem,  like  the  En- 
gineering Plant  subsystem,  is  composed  of  many  individual  systems  and 
equipment.  The  subsystem  was  subdivided  into  systems  in  a similar 
manner  as  discussed  for  Ship  Control  and  Engineering  Plant.  The 
new  systems  classification  includes — 1)  air  conditioning,  2)  compres- 
sed air,  3)  crew  support,  and  4)  equipment  support. 

1)  Air  Conditioning  - The  capabilities  of  this  system  are  pro- 
vided by  three  air  conditioning  refrigerant  plants,  which  consist  of 
two  vapor  compression  plants  using  the  refrigerant  freon  (R-114)  and 
a Lithium  Bromide  (LiBr)  Absorption  Plant  using  water  as  the  refrig- 
erant . 

Both  plants  provide  the  cooling  media  by  which  the  various  systems 
and  equipment  onboard  the  ship  are  maintained  within  their  operating 
environmental  conditions.  This  is  accomplished  by  the  circulation  of 
fresh  water  chilled  by  the  air  conditioning  plants.  The  air  condi- 
tioning load  placed  on  the  operating  plant (s)  is  determined  by  the  re- 
quirement to  maintain  a desired  chill  water  supply  temperature  to  the 
elements . 

The  results  of  the  functional  analysis  conducted  on  this  system 
are  presented  in  Table  III-A-4,  and  the  functional  flow  presented  in 
Figure  1II-A-7. 

2)  Compressed  Air  - The  compressed  air  system  consists  of  two 
pressure  categories — a)  high  pressure  (4500  psig) , and  b)  low  pres- 
sure systems  (i.e.,  700,  400,  150,  100,  85,  75,  40,  and  20  psig). 

(a)  High  Pressure  Air  - The  main  function  of  the  high  pres- 
sure system  is  to  e pty  the  MBT  of  water  by  displacement,  which  pro- 
vides a positive  buoyancy  to  surface. 

(b)  Low  Pressure  Air  - The  low  pressure  air  systems  supply 
service  air  to  numerous  service  air  connections  through  the  ship. 

The  functional  flow  illustration  clearly  shows  how  the  various  air 
pressure  levels  are  obtained,  namely  through  pressure  reducing  sta- 
tions. The  flow  directions  illustrate  the  following — (1)  a 4500/70o 
psig  reducing  station  supplies  the  700  psig  air;  (2)  the  700  psig 


Vftriii*4i 


III-4 


reducing  stations  provide  the  150,  100,  and  400  psig  air;  (3)  the 
100  psig  reducing  stations  provide  the  40  and  20  psig  air;  and 
(4)  an  alternate  0„  generator  air  system  also  supplies  20  psig  ser- 
vice air.  Table  lfl-A-4  presents  the  functions  of  each  of  these 
air  supplies,  and  Figure  III-A-8  illustrates  the  functional  flow. 

3)  Crew  Support  System  - The  Crew  Support  System  as  we  have  de- 
fined has  the  capability  to  support  the  crew's  life  aboard  the  sub- 
marine excluding  the  habitability  provision  which  is  discussed  under 
the  Habitability  subsystem. 

The  system  elements  that  comprise  the  Crew  Support  Syscem  are 
tabulated  on  Table  III-A-4  and  are  illustrated  in  functional  form  in 
Figure  III-A-9. 

4)  Equipment  Support  System  - This  system  provides  the  auxiliary 
equipment  essential  for  submarine  operations.  The  system  elements  in- 
cluded under  this  system  are  presented  on  Table  III-A-4,  and  the  func- 
tional flow  of  these  elements  is  presented  in  Figure  III-A-10. 

d.  Navigation  Subsystem  - The  Navigation  Subsystem  performs  and 
determines  the  submarine  position,  attitude  and  velocity  information 
necessary  to  support  the  missile  fire  control  system  and  conventional 
navigation.  The  system  elements  that  comprise  this  subsystem  are 
listed  in  Table  III-A-5,  and  their  functional  flow  is  illustrated  in 
Figure  III-A-11. 

e.  External  Communications  Subsystem  - This  subsystem  provides 
the  capability  to  transmit  and  receive  radio  frequency  messages  over 
the  desired  frequency  range.  It  also  provides  the  capability  for 
desired  security  and  typed  message  copies.  Table  III-A-6  presents 

a detailed  listing  of  the  system  elements  and  their  functions  as  ap- 
plied to  this  study.  Figure  III-A-12  illustrates  the  functional  flow 
of  the  elements. 


f.  Sonar  and  Electronic  Countermeasures  Subsystem  - The  Sonar  and 
Electronic  Countermeasures  (ECM)  subsystem  respectively  provides  acous 
tic  information,  and  electromagnetic  information  necessary  to  ensure 
survivability  during  the  ship's  mission  for  any  defense  condition. 

The  comp!; uxity  of  this  subsystem  warranted  subdividing  the  sub- 
system into  the  Sonar  Group  and  ECM  Group.  The  system  elements  of 
each  of  these  systems  are  presented  o:.  Table  III-A-7,  and  tve  func- 
tional illustrations  are  presented  in  Figure  III-A-13  for  Sonar,  and 
Figure  III-A-14  for  ECM. 


g.  Defensive  Weapons  Subsystem  - This  subsystem  provides  all 
the  essential  systems  and  equipment  to  support  the  capability  to 
fire  torpedos  as  a defensive  or  offensive  action.  This  subsystem 
consists  of  the  principal  system  elements  identified  in  Table  III-A-8, 
anc  the  functional  flow  is  presented  in  Figure  III-A-15. 

h.  Strategic  Weapons  Subsystem  - The  Strategic  Weapons  Subsystem 
is  defined  as  that  system  and  equipment  consisting  of  ballistic  mis- 
siles and  supporting  systems  required  to  provide  a major  deterrent 
against  attack  by  any  agressor,  and  to  provide  a rapid  retaliatory 
action  in  the  event  of  enemy  aggression.  The  system  elements  in- 
volved in  this  subsystem  are  depicted  in  Table  III-A-9,  and  func- 
tionally illustrated  in  Figure  III-A-16. 

1.  Habitability  Subsystem  - The  Habitability  Subsystem  as  eval- 
uated consists  of  two  systems — 1)  life  support,  and  2)  waste  manage- 
ment . 

1)  Life  Support  System  - This  system  provides  the  capability  to 
support  human  life  under  normal  and  casualty  situations  for  prolonged 
submerged  periods.  Also,  provisions  are  available  for  instrumentation 
essential  in  analyzing  the  atmosphere  concentrations  and  the  hydrocar- 
bon contaminants. 

2)  Waste  Management  System  - This  system  provides  the  means  for 
disposal  of  waste  products  generated  onboard  the  ship  while  being 
submerged. 

The  system  elements  for  the  two  systems  listed  above  are  presen- 
ted in  Table  I1I-A-10,  and  the  functional  interacts  of  each  system 
are  illustrated  in  Figure  III-A-17. 

j.  Casualty  and  Damage  Control  Subsystem  - The  Casualty  and 
Damage  Subsystem  provides  the  capability  to  prevent  and  limit  casual- 
ties from  occurring,  and  to  enable  immediate  corrective  action  to  be 
taken  by  the  craw.  Also,  the  capability  to  minimize,  maintain, 
repair,  and  recover  from  any  casualty  situation  through  quick  and 
effective  action  by  the  crew  is  provided. 

The  system  elements  comprised  in  this  subsystem  are  tabulated  in 
Table  III-A-11. 
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Table  III-A-2  System  (Element)  Functional  Analysis  Results — Ship 
Control  Subsystem 


SYSTEM  (ELEMENT) 


A.  Submerging 

1.  Main  Ballast  Tank  (MBT) 
Vents 

2.  Electro-Hydraulic  Vent 
Control  Valves 


3.  Vent  Valve  Position 
Indicator 


4.  Hull  Openings 


5.  Electro-Hydraulic  Hull 
Opening  Valves 


6.  Hull  Opening  Valve 
Position  Indicators 


7.  Hatches 


8.  Hatches  Shut  Indica- 
tors 


9.  Ballast  Control  Panel 


B.  Surfacing 

1 . Main  Ballast  Tanks 


FUNCTION 


• Provide  the  capability  to  flood  the 
MBTs  for  submerging. 


• Provide  the  means  to  actuate  MBT 
valves  to  control  MBT  venting. 

• Provide  indicator  lights  to  display 
MBT  vent  valve  position  (open  or 
closed) . 

• Provide  the  means  to  access  or  exit 
through  the  hull  excluding  personnel 
access,  (ie.  sea  water,  missiles, 
etc.) 

Provide  the  remote  control  capabil- 
ities to  actuate  valves  with  manual 
provisions . 


9 Provide  openings  normally  used  for 
personnel  access  to  the  ship. 

9 Provide  electrical  open  or  shut  in- 
dications on  the  Ballast  Control 
Panel 

• Provides  the  primary  control  station 
for  changing  the  buoyancy  of  the 
ship  and  trimming,  for  submerging. 


• Provide  the  reserve  buoyancy  required 
for  surfacing. 


• Provides  open  or  shut  indications  on 
desired  hull  openings  (maybe  electri- 
cal or  mechanical,  local  or  remote). 


Table  III-A-2  (Continued) 
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B. 


SYSTEM  (ELEMENT) 


Surfacing  (Cont'd) 


2.  Normal  Group  Blow 
Solenoid  Valves 


FUNCTION 


Provide  the  capability  to  remotely 
control  the  high  pressure  air  (4500 
psig)  distribution  to  each  main 
ballast  tank  group.  (Manual  over- 
ride capability). 


3.  Normal  Blow  Indicator 
Lights 


• Provide  electrical  open  or  shut  in- 
dicators to  display  the  valve  group 
positions. 


4.  Group  Blow  Inhibit 
Solenoid  Valves 


• Provide  the  capability  to  inhibit 
blowing  of  a selected  MBT  group  by 
solenoid  operated  list  control  valves. 


5. 


List  Control  Indicator 
Lights 


• Provide  electrical  open  or  shut  in- 
dicators to  display  list  control 
valve  positions  on  the  Ballast  Con- 
trol Panel . 


6.  Emergency  Blow  Valves 


• Provide  the  capability  to  pneumati- 
cally control  the  high  pressure  air 
(4500  psig)  supply  to  rapidly  blow 
MBTs  groups  in  an  emergency  situa- 
tion. 


7.  Emergency  Blow  Indi- 
cator Lights 


• Provide  electrical  open  or  shut  in- 
dications of  valve  positions  displays 
on  Ballast  Control  Panel. 


8.  Emergency  Blow  Remote 
Actuation  Valves 


• Provide  the  capability  to  remotely 
control  the  emergency  blow  valves. 
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Table  III- A- 2 (Continued) 


B. 


SYSTEM  (ELEMENT) 


Surfacing  (Cont'd) 


FUNCTION 


9.  Low  Pressure  Blower 
Controller 


• Provides  the  capability  to  control 
the  speed,  fast  or  slow,  of  the  Low 
Pressure  Blower  motor  and  an  emer- 
gency stop. 


10.  Low  Pressure  Blower 
Displays 


• Provide  lighted  indicators  to  display 
motor  run,  slow  or  fast  speed  motor 
operations. 


11.  Isolation  and  Low 
Pressure  Blow  Header 
Valves 


• Provide  the  capability  to  control  the 
Low  Pressure  air  supply  to  blow  MB~s. 


12.  Low  Pressure  Blower 


C.  Buoyancy  (Trim  Control  & 
Hovering)  ' ~ 

1.  Sea  Valve 

2.  Trim  Pump 


• Provides  the  capability  to  exhaust 
stale  air  from  the  ship  when  the  ship 
is  surfaced  or  at  periscope  depth. 


• Provides  the  means  to  isolate  sea 
pressure  from  the  trim  main  piping. 

• Provides  the  capability  to  transfer 
water  from  one  tank  to  the  trim  dis- 
charge main  for  discharge  into 
another  tank,  for  auxiliary  use 
throughout  the  ship  or  to  sea. 


3.  Trim  Pump  Controller 


• Provides  the  capability  to  control 
the  pump  speed  in  order  to  vary  its 
pumping  rate. 


4.  Trim  Pump  Discharge 
and  Sea  Connection 
Control  Valves 


• Provides  the  selection  of  directing 
the  trim  pump  discharge  "to  sea"  or 
to  the  trim  discharge  main  (another 
variable  ballast  tank). 


5. 


Variable  Ballast  Tanks 


• Provide  a means  to  ballast  water  in 
order  to  control  the  trim  and  buoy- 
ancy of  the  ship. 
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Table  III-A-2  ( Continued ) l 

i 


SYSTEM  (ELEMENT)  FUNCTION 


6.  Trim  Priming  Pump  • Provides  the  capability  to  remove  air 

from  the  trim  system  piping,  In  order 
to  insure  a positive  s tion  to  the 
trim  pump. 

7.  Trim  Priming  Pump  • The  controller  starts  or  stops  the 

Controller  pump  motor  and  can  be  operated  local- 

ly or  at  the  Ballast  Control  Panel. 

8.  Flood  and  Drain  Valve  • Provide  the  means  of  isolating  or 

pumping  water  to/from  its  associated 
tank. 


9.  Depth  Control  Tanks  • Provide  the  weight  variation  during 
(DCT)  the  hovering  sequence  and  trim  evolu- 

tions. 

10.  Blow  and  Vent  Valves  • Provide  the  means  to  control  the 

blowing  and  venting  of  the  associated 
DCT. 

11.  Air  Supply  Valve  • Provides  the  means  to  pressurize 

depth  control  tank  and  automatically 
regulate  air  pressure  50  psig  above 
sea  pressure. 

12.  Hovering  and  Depth  • Provides  the  capability  to  throttle 

Throttle  Valve  the  flow  of  sea  water  for  hovering 

control;  manually  or  automatically. 

13.  Hovering  Sea  Valve  • Provides  positive  isolation  from  sea 

oressure. 
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Table  III-A-2  (Continued) 


D. 


SYSTEM  (ELEMENT) 


Steering  and  Diving 


FUNCTION 


1.  Conalog 


• Provides  an  automatic  steering  and 
diving  system  to  control  the  rudder 
and  diving  planes  (cannot  control 
buoyancy) . 


2.  Ram  (Rudder) 


• Provides  the  means  to  position  the 
rudder  by  a hydraulically  actuated 
ram. 


3-  Power  Transfer  Valve 


• Provides  the  means  to  select  either 
main  hydraulic  oil  (normal  control) 
or  vital  hydraulic  oil  pressure 
(emergency  control ) to  move  the  ram. 


4.  Normal  Control 


• Provides  a supply  of  main  hydraulic 
oil  pressure  to  move  the  associated 
control  surface  plane  in  the  desired 
direction  under  proportional  control. 
Transfer  to  emergency  control  is  man- 
ually or  automatically  initiated. 


5.  Hand  Pump 


6.  Emergency  Control 


• Provides  the  means  to  generate 
hydraulic  oil  pressure  to  move  the 
rudder  when  the  normal  supply  of 
hydraulic  oil  pressure  is  not  avail- 
able. 

• Provides  a supply  of  vital  hydraulic 
oil  pressure  to  move  the  associated 
control  surface  plane  in  the  desired 
directions  under  rate  control  trans- 
fer to  normal  control  is  manually 
initiated. 


7. 


Ram  (Fairwater  Planes) 


Provides  the  means  to  position  the 
fairwater  planes  by  a hydraulically 
actuated  ram. 
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Figure . III-A-1  Simplified  Functional  Diagram  - Submerging 
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Figure  III-A-2  Simplified  Functional  Diagram  - Surfacing 
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Figure  III-A-3  Simplified  Functional  Diagram  Buoyancy 
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Figure  III~A-4  Simplified  Functional  Diagram  - Steering  and  Divingi 
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Table  III-A-S  System  (Element)  Functional  Analysis  Results — Engineering 
Plant  Subsystem 


SYSTEM  (ELEMENT) 

FUNCTION 

A.  Ship  Propulsion 

1. 

Propulsion  Turbines 

• Develop  the  ship's  primary  propulsive 
power  through  the  Interconnected 
drive  train. 

2. 

Reduction  Gear 

a Permits  the  propulsion  turbines  to 
operate  at  their  most  efficient 
higher  speeds  while  the  propeller  may 
operate  at  its  most  efficient  lower 
speed.  Also  provides  the  connection 
of  two  main  propulsion  turbines  to 
one  main  shaft  and  propeller. 

3. 

Propulsion  Clutch 

§ Provides  the  capability  to  either 
connect  or  disconnect  reduction  gear 
from  the  propeller  shaft. 

4. 

. Shaft  Seal 

• Provides  a seal  around  main  shaft  to 
prevent  inward  seepage  of  sea  water. 

5. 

Shaft  Lube  Oil 

• Provides  the  capability  to  supply  oil 
to  the  clutch  control  oil  system  and 
to  lubricate  main  shaft  components 
and  bearings. 

6. 

Main  Lube  Oil 

• Provides  pressurized  control  oil 
supply  for  the  main  propulsion  tur- 
bines and  a source  of  lubrication 
oil  for  the  turbines  and  the  reduc- 
tion gear. 

7. 

Lube  Oil  Transfer 

a Provides  the  capability  to  transfer 
and  centrifugally  purify  lubricating 
oil  between  storage  tanks  and  lube 
oil  sumps. 

8. 

Ship  Service  Turbine 
Generators  (SSTG) 

• Supply  the  ship's  AC  power  for  dis- 
tribution (two  for  redundancy). 

Table  III-A-3  (Continued) 


A. 


SYSTEM  (ELEMENT) 


Ship  Propulsion  (cont' 


d) 


FUNCTION 


9.  SSTG  Throttle  Valves 


• Provide  frequency  control  of  the 
ship's  service  turbine  generators, 
startup  and  shutdown  of  the  turbines. 


10.  SSTG  Lube  Oil 


§ Provides  the  capability  to  supply 
control  oil  to  the  turbine  throttle 
and  govenor  valves  and  to  lubricate 
the  turbine  and  generator  bearings. 


11.  Emergency  Propulsion 
Motor 


• Provides  a means  for  secondary 
(emergency)  propulsive  power  when 
the  propulsion  turbines  are  not  used 
or  operating. 


12.  RPM  Transmitter 


t Provides  indication  of  propeller 
shaft  speed  and  total  revolution 
count  locally  and  at  thu  steam  con 
trol  panel . 


13.  Diesel  Generator 


• Provides  an  auxiliary  supply  of 
electrical  power  and  an  alternate 
means  of  exhausting  contam  nated  or 
stale  air  from  the  submarine. 


14.  Ship  Service  Motor 


t Provide  a normal  source  of  DC  power 
(battery  is  alternate)  or  an  alter- 
nate source  of  AC  power  (SSTG  is  nor- 
mal ) . 


15.  SSMG  Excitation  Con- 
trol 


• Provides  a means  to  control  the  SSMG 
to  select  operation  as  either  an  AC 
or  DC  generator. 


16.  Battery 


t Provides  an  emergency  source  of  DC 
power  to  the  vital  equipment  neces- 
sary to  support  minimal  ship  opera- 
tion (ie.  EPM,  lube  oil,  trim  and 
drain,  SSMG  to  produce  limited  AC 
power) . 
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\ Table  III-A-3  (Continued) 


SYSTEM  (ELEMENT) 


FUNCTION 


A.  Ship  Propulsion  (cont'd) 


17.  Secondary  Propulsion 
Motor  (SPM) 


• Provides  a propulsion  source  to  as- 
sist In  restricted  ship  maneuvers 
and  may  also  provide  a very  limited 
backup  propulsion  source. 


18.  Temperature  Monitoring 


• Provide  remote  indication,  continu- 
ous monitoring  and  alarm  of  equipment 
temperatures  at  critical  points. 


19.  Main  Electrical  Dis- 
tribution Bus 


B.  Steam-Feed  Flow 


• Provides  the  manual  and  automatic 
switch  gear  for  control,  redundancy, 
protection  and  distribution  of 
electrical  power. 


1.  Main  Steam 


• Provides  the  means  to  distribute 
steam  from  the  source  (steam  gener- 
ators) to  those  elements  using  high 
pressure  steam  (ie.  SST6,  auxiliary 
steam  reducer  stations,  main  propul- 
sion turbines). 


2.  Auxiliary  Steam 


3.  Condenser 


i 


• Provide  the  means  to  reduce  and  dis- 
tribute steam  for  auxiliary  use  (ie. 
air  ejectors,  evaporator,  lithium 
bromide  air  conditioner,  lube  oil 
stowage  heaters). 

• Provides  a means  to  condense  ex- 
hausted steam  and  to  collect  it  in 

a hotwell  at  the  bottom  of  the  con- 
denser. 


4. 


Air  Ejectors 


Provide  the  capability  to  remove 
noncondensable  gases  from  the  main 
condenser. 
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Table  III-A-3  ( Continued ) 


SYSTEM  (ELEMENT) 


FUNCTION 


B.  Steam-Feed  Flow 

5.  Condensate  Pumps 


6.  Feed  Pumps 


7.  Feed  Regulator  Valve 


8.  Steam  Generabor  Water 
Level  Control 


9.  Water  Chemistry 


10.  Surge  Tank 


. High 


Pressure  Drains 


12.  Drain  Valves 


• Provide  the  capability  to  provide  a 
positive  suction  pressure  head  to  the 
feed  pump  suction. 

• Provide  a means  to  transfer  water 
from  the  condensate  header  to  the 
feed  main  at  sufficient  pressure  to 
feed  the  steam  generators. 

• Provides  the  capability  to  control 
automatically  the  steam  generator 
feed  rate. 

• Provides  an  automatic  or  manual  con- 
trol of  the  feed  regulator  valve  in 
order  to  permit  a constant  water  mass 
or  level  within  the  steam  generator. 

• Provides  steam  generator  water  treat- 
ment chemical  concentration  deter- 
mination and  addition  to  prevent 
corrosion  or  reduced  oxygen  content. 

• Provides  the  capability  to  absorb 
surges  of  condensate  when  feed  water 
demands  change  and  to  determine  the 
requirement  for  make-up  feed  water 
addition. 

• Provide  the  capability  to  remove 
condensation  from  steam  piping  in 
order  to  prevent  piping  errosicn  or 
possible  downstream  element  damage. 

• Provide  the  capability  to  manually 
or  automatically  drain  condensation 
without  passing  steam. 
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Table  III-A-3  (Concluded) 
SYSTEM  (ELEMENT) 

B.  Steam-Feed  Flow  (Cont'd) 
13.  Low  Pressure  Drains 


14.  Hotwell  Level  Control 


15.  Sea  Water  Cooling 


16.  Auxiliary  Fresh  Water 
Cool ing 


FUNCTION 


t Provides  the  capability  to  automati- 
cally drain  the  condensation  from 
the  lower  pressure  steam  lines. 

• Provides  an  automatic  control  of  the 
variable  speed  condensate  pumps.  The 
pump  speed  is  varied  in  order  to  at- 
tempt to  maintain  a desired  hotwell 
level  range.  This  ensures  a minimum 
pump  suction  pressure  and  prevention 
of  condenser  flooding. 

• Provides  control  of  the  transport 
media  (sea  water  cooling)  to  form 
condensate  .from  turbine  exhaust 
steam  and  remove  heat  from  various 
Engineering  Plant  Elements. 

• Provides  the  canability  to  supply  a 
cooling  media  (fresh  water)  to  main, 
shaft,  and  ship  service  turbine  qen- 
erator  lube  oil  coolers,  air  coolers 
(SSTG,  EPM , SSMG) , high  pressure  air 
compressors,  and  hydraulic  oil  cool- 
ers (main  and  vital). 
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Table  III-A-4  System  (Element)  Functional  Analysis 
Results  - Auxiliary  Subsystem 


* . V 


SYSTEM  (ELEMENT) 


A.  Air  Conditioning 

1.  Refrigerant  Vapor  Com- 
pression Plants  (R-114) 


2.  Lithium  Bromide  Absorp- 
tion Units 

3.  Air  Conditioning 
Chilled  Water 


4.  Pumps  (Chilled  Water) 

5.  Air  Conditioning  Sea 
Water 

6.  Pumps  (Sea  Water) 

B.  Compressed  Air 

1.  High  Pressure  Air  Banks 

2.  Air  Bank  Stop  Valve 


3.  High  Pressure  Air 
Compressors 

4.  Low  Pressure  Air  (700 
Psig) 


5.  Low  Pressure  Air  (150 

psig) 


FUNCTION 


• Provide  refrigeration  to  reduce  chil- 
led water  temperature  as  required  to 
control  equipment  or  atmosphere  tem- 
peratures. 

• Provides  alternate  refrigeration 
capability. 

• Provides  the  cooling  media  (water) 
which  is  circulated  to  maintain  a 
suitable  atmosphere  for  eauioment 
and  the  comfort  of  the  crew. 

• Provide  the  pressure  to  circulate 
chilled  water. 

• Provides  the  cooling  media  (sea  water) 
which  removes  the  heat  from  the  air 
conditioning  plants. 

t Provide  the  pressure  to  circulate 
sea  water. 


• Provide  the  capability  to  store  and 
supply  high  pressure  air  (4500  psig). 

• Provides  individual  air  bank  isolation 
capability. 

• Provides  the  means  to  compress  air  to 
high  pressure. 

• Provides  the  capability  to  supplv 
service  air  (700  psig)  to  the  header 
for  distribution  to  ship's  equipment 
(i.e.,  hovering,  sanitary  tanks,  es- 
cape trunks,  etc). 

• Provides  the  capability  to  supply  ser- 

vice air  (150  psia)  to  torpedo  room 
and  to  several  ship’s  applications 
(i.e.,  fuel  oil  tanks,  ventilation 
head  valve  operation,  etc) 
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Table  III-A-4  (Continued) 


SYSTEM  (ELEMENT) 

B.  Compressed  Air  (Cont'd) 

6. 

Low  Pressure  Air  (100 
psig) 

7. 

Low  Pressure  Air  (400 

psig) 

8. 

Low  Pressure  Air  (40 
psig) 

9. 

Low  Pressure  Air  (20 
psig) 

10. 

Low  Pressure  Air  (75 
psig) 

11. 

Control  Air  Compressors 

C.  Crew  Support 

1. 

Refrigerant  Plants 

2. 

Thermostat  Controls 

3. 

Refrigerant  Compressor 

4. 

Electrical  Distilling 
Unit 

FUNCTION 


• Provides  the  capability  to  supply 
service  air  (100  psig)  to  the  header 
for  distribution  to  ships  equipment 
(i.e.,  emergency  air  breathing,  emer- 
gency SSTG  lube  oil  drive,  service 
air,  etc). 

• Provide  the  capability  to  supply  air 
to  the  torpedo  tube  firing  system. 

• Provides  the  capability  to  supply 
air  to  the  potable  water  system. 

• Provides  the  air  supply  for  operating 
control  and  sensor  devices,  primarily 
ventilation  and  air  conditioning. 

• Provides  an  alternate  air  source  for 
O2  generator  control . 

t Provide  the  means  to  pressurize  air 
for  a normal  source  for  O2  generator 
control . 


• Provides  the  capability  to  supply  re- 
frigeration to  each  of  the  ship’s 
chilled  stores,  frozen  food  storage, 
and  miscellaneous  refrigeration  units. 

• Provide  the  capability  to  convert 
temperature  measurements  into  air 
pressure  signals  to  control  overall 
refrigeration  plant  operation. 

• Provides  the  means  to  pressurize  the 
refrigerant  (Freon  12). 

• Provides  an  alternate  means  to  convert 
sea  water  to  fresh  water  to  support 
ship  and  crew  operation. 
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Tafc7e  III- A- 4 (Concluded) 


SYSTEM  (ELEMENT) 


C.  Crew  Support  (Cont'd) 

5.  Steam  Evaporator 

6.  Sal inity  Cell 

D.  Equipment  Support 

1.  Main  Hydraulic  System 

2.  Vital  Hydraulic  System 


3.  External  Hydraulic 
System 


Electronic  Cooling 
System 


Fuel  Oil  and  Comoensa- 
ting  Water 


6.  Anchor  Control 


7.  Capstan 


FUNCTION 


• Provides  the  primary  means  to  convert 
sea  water  to  fresh  water. 

• Provides  the  capability  to  monitor 
fresh  water  for  salinity  purity  (con- 
tinuity). 


• Provides  the  capability  to  supply 
hydraulic  oil  pressure  to  the  majority 
of  the  hydraulically  operated  equip- 
ment throughout  the  ship. 

• Provides  hydraulic  oil  pressure  to 
"vital"  hydraul icall.v-operated  eouin- 
ment  throughout  the  ship. 

• Provides  the  capability  to  supply 
hydraulic  oil  pressure  to  equipment 
actuators  exposed  to  sea  water  pres- 
sure (antennas,  periscopes,  masts, 
and  snorkel  masts). 

• Provides  the  capability  tc  distribute 
fresh  water  to  cool  electronic  compon- 
ents. 

• Provides  the  capability  to  renlace 
used  fuel  oil  with  sea  water  and 
maintain  a system  pressure  by  either 
water  or  air. 

• Provides  the  means  to  secure,  release, 
and  raise  the  anchor. 

• Provides  the  capability  to  utilize 
mooring  lines  to  move  the  ship  as  de- 
sired while  next  to  the  pier  or  wharf. 
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Table  III-A-5  System  (Element)  Funotioml  Analysis  Results  - 
Navigation  Subsystem 


SYSTEM  (ELEMENT) 
Gyro  Compass  (MK-19) 


Dead  Reckoning  Analyzer 
Indicator  (DRAI) 


FUNCTION 

• Provides  a heading  indication  to  steer 
the  ship  fin  addition  to  the  inertial 
navigation  system). 

• Provides  e summation  of  ship  movement 
in  both  eas'-west  and  north-south  di- 
rections. 


Electromagnetic  Log 
Dummy  Log 


lciiu  ai  naviyauiuH  uunr 


put^r  (CNC) 


D/D  Converter 


A/D  Converter 


Magnetic  Tape  Unit  (MTU) 


Multi  speed  Repeaters  (MSR) 


Navigation  Switchboards 
(NSB) 


• Provides  a shin  velocity  indication. 

• Provides  the  capability  to  simulate 
desired  ship  velocity  indications. 

• Receive,  analyze,  and  make  recommen- 
dations based  on  navigational  infor- 
mation inputs. 

• Transmits  digital -to-digital  informa- 
tion to  and  from  the  CNC. 

• Transmits  analog-to-digital  informa- 
tion to  and  from  the  CNC. 

• Provides  data  input  to  the  CNC  and 
provides  recording  capability  through 
the  CNC. 

• Transmits  analog  data  for  the  missiles 
(roll,  pitch,  and  heading). 

• Provides  automatic  or  remote  switching 
capability  for  desired  navigational 
information. 


Computer  Writer  Adapter 
(CWA) 


Navigation  Control  Console 
(NCC) 

Navigation  Operational 
Checkout  Console  (NOCC) 


• Provides  the  capability  to  adapt  sig- 
nals from  the  CNC  in  order  to  provide 
an  alternate  method  of  recording  data. 

t Provide  a central  control  console  for 
input  to  and  output  of  the  CNC. 

• Provides  a central  console  to  simulate 
test  signals  for  checking  various  navi- 
gation subsystem  equipment. 


Table  III-A-5  (Concluded) 


SYSTEM  (ELEMENT) 

FUNCTION 

14.  Satellite  Fix  Equipment 

t Provides  the  capability  to  obtain 

(AN/BRN-3) 

navigational  fix  information  trans- 

mitted  by  satellite. 

15.  Radio  ^vioexton  Fix 

• Provides  the  capability  to  obtain 

Equipment  Vi/BRN-5) 

navigational  fix  information  trans- 

mitted  by  ground  based  stations. 

16.  Ocean  Bottom  Navigational 

• Provides  the  capability  to  obtain 

Fix  Equipment  (AN/BQN-3) 

navigational  fix  information  by  ocean 

bottom  comparison. 

17.  Inertial  Navigation 

• Provides  computer  controlled  inertial 
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Figure  III-A-11  Simplified  Functional  Diagram  - Navigation  Subsystem 


III-33 


ffSntSHSiWWinsswww! 


BIIMJW-WW  Willi.  U jin 


;."  "J: 


S 

fc 

¥ 


<#  .*. 

i ' 

•*  > 


Table  III-A-6  System  ( Element ) Functional  Analysis 
Results  - External  Communications 
Subsystem 


SYSTEM  (ELEMENT) 


1.  Transmitter  (AN/WTR-4) 


2.  Transceiver  (AN/SRC-20) 


3.  Transceiver  (AN/URC-32) 


4.  Receivers  (AN/WRR-3  and 
AN/6RR-3) 

5.  Receivers  (R-1051) 


6.  Security  Equipment 


7.  Radio  Telephone 


8.  Teletype 


9.  Multi coupler  (AN/8RA-16) 


10.  Receiver  (AN/URR-44) 


11.  Test  Set  (AN/URM-114) 


12.  Tape  Recorder  (RD-219) 


13.  Antennas 


FUNCTION 


• Provides  high  power  transmission  capa- 
bility within  the  MF  and  HF  ranges. 

• Provides  transmitter  and  receiver  capa- 
bilities within  the  UHF  range.  Used 
for  harbor  control . 

4 Provides  medium  power  transmitter  and 
receiver  capabilities  within  the  MF  and 
HF  ranges. 

• Provides  redundant  receiver  capabilities 
within  the  VLF  range. 

• Provides  redundant  receiver  capabilities 
within  the  MF  and  HF  ranges. 

• Provides  message  security  through  auto- 
matic or  manual  encryption  and  decryp- 
tion. 

e Provides  the  capability  to  use  hand 
phones  and/or  speakers  for  voice  communi 
cations  from  local  or  remote  control 
stations. 

• Provides  the  capability  to  obtain  a 
typewritten  copy  of  desired  messages. 

• Provides  controlled  switching  of  com- 
munications input/output  devices. 

t Provides  radio  reception  for  ships  crew 
entertainment. 

• Provides  signal  generation  for  testing 
capability. 

t Provides  the  capability  to  record  re- 
ceived voice  and  CW  messages. 

» Provides  a normal  alternate,  or  emer- 
gency antenna,  which  can  be  used  through 
out  the  frequency  range  of  each  Diere 
of  communications  equipment  and  the 
means  for  control  of  those  antennas. 
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Table  III-A-7  System  ( Element ) Functional  Analysis  Results  - 
Sonar/ ECM  Subsystem 


SYSTEM  (ELEMENT) 


A.  Sonar 


1.  Passive  Snnar  (AN/BQR 
-2)  Cylindrical  Array 


2.  Active  Sonar  (AN/BQS-4) 


3.  Passive  Sonar 
(AN/BQS-7 ) 


4.  Passive  Sonar  (AN/BQR 
-15)  Trailing  Array 


5.  Passive  Sonar 
(AN/BQR-20) 


Passive  Sonar  (AN/BQR 
-19)  Overhead  Array 


Sonar  Performance  Com- 
puter (AN/BQA-8) 


8.  Sonar/ECM  (AN/WLR-9) 


9.  Fathometer  (AN/UQN-1 ) 


FUNCTION 


• Provides  wide  frequency  band  passive 
reception  of  any  characteristic  sound 
change  in  the  surrounding  water. 

• Provides  the  capability  for  detection 
of  a reflected  sound  pulse  (echo 
ranging) . 

• Provides  an  alternate  wide  frequency 
band  passive  reception  of  any  charac- 
teristic sound  change  in  the  surround- 
ing water. 

• Provides  wide  requency  band  passive 
reception  of  any  characteristic  sound 
change  in  the  surrounding  water.  Ar- 
ray location  provides  contact  detec- 
tion behind  the  submarine  and  addi- 
tional taYget  motion  analysis  tech- 
nique availability. 

• Provides  the  capability  to  monitor 
selected  narrow  frequency  bands  which 
aid  in  contact  classification.  Other 
passive  sonar  arrays  are  used  to  ob- 
tain this  signal . 

• Provides  a sonar  search  above  a thermal 
level  within  the  water.  Increases  ship 
safety  when  changing  to  periscope  deDth. 

• Provides  physical  information  which 
indicates  the  sonar  capabilities  with- 
in local  waters. 

• Provides  a dedicated  sonar  to  detect 
and  alarm  on  reception  of  a charac- 
teristic "threat"  sonar. 

• Provides  the  capability  to  determine 
water  depth  under  the  ship. 
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Table  III-A-7  (Continued) 

SYSTEM  (ELEMENT) 

A.  Sonar  (Cont'd) 

10.  Underwater  Telephone 
(AN/WOC-1) 


Sonar  Contact.  Parameter 
Identification  (AN/BQO 
-3) 


Sound  Yelocitw  Profile 
(AN/BQH-i)” 


13.  Bearing  Time  Recorders 


14.  Tape  Recorder  (AN/UNC 


15.  Emergency  Underwater 
Telephone 


B.  ECM 


1.  Radar 


2.  ECM  Equipment 
(AN/WLR-1) 


3.  ECM  Equipment 
(AN/BLR- 10) 


FUNCTION 


• Provides  the  capability  to  communicate 
(voice  or  CW)  outside  of  the  ship 
using  water  as  the  transfer  medium. 

• Provides  the  capability  to  modulate 
the  wide  frequency  band  to  determine 
sonar  contact  Darameters  such  as  the 
number  of  propeller  blades  or  the 
number  of  propellers. 

§ Provides  the  capability  to  determine 
water  density  changes  in  relation  to 
water  depth. 

• Provides  an  automatic  hard  copy  dis- 
play of  continuous  contact  bearings 
in  relation  to  time. 

• Provides  a continuous  record  of  oral 
sonar  receptions,  communications, 
and  operator  evaluations  of  contacts. 

• Provides  an  emergency  method  of  under- 
water communications  exterior  to  the 
ship.  Transmitter/receiver  sets  are 
at  both  ends  of  the  ship. 


« Provides  a limited  surface  search  and 
navigational  radar  capability. 

• Provides  the  capability  to  search  re- 
quired frequency  bar  is  for  electro- 
magnetic transmissions  and  identify 
the  electronic  characteristics  of  any 
received  signal  to  allow  possible 
source  identification. 

• Provides  a fast  automatic  search  of 
the  higher  frequency  oands  for  electro- 
magnetic transmissions  which  are  of 
the  greatest  threat  toward  detection. 
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Table  III-A-7  (Concluded) 


SYSTEM  (ELEMENT) 

FUNCTION 

B.  ECM  (Cont'd) 

4. 

Microwave  Intercept 
Receiver 

• Provides  early  warning  of  possible 
"threat"  radars  by  use  of  the  peri- 
scope as  the  antenna  mast.  This  pro- 
vides less  antenna  exposure  than  the 
ECM  antenna  but  less  characteristic 
information  on  a received  signal. 

5. 

Electronic  Identifi- 
cation (AN/UPX-17 ) 

• Provides  the  capability  to  electron- 
ically identify  the  ship  on  request. 

A coded  electronic  reply  is  Initiated 
in  response  to  a coded  electronic  re- 
quest. 
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Figure  IT  I- A- IS  Simplified  Functional  Diagram  - Sonar  System 


"*  * Table  III-A-8  System  (Element)  Functional  Analysis  Results  - 

Defensive  Weapons  Subsystem 


; it 

SYSTEM  (ELEMENT) 

FUNCTION 

! | 

)■'* 

1.  Torpedo  Tubes 

• Provide  the  capability  to  eject  the 
torpedo  from  the  ship,  either  by 
water  impulse  or  swimming  out.  Also 
provides  the  control  to  flood  or 
drain  sea  water  from  a tube. 

l 

2.  Torpedo 

• The  mechanism  to  transport  the  explo- 
sive to  the  desired  target. 

) ■ 

3.  Signal  Ejectors 

• Provide  the  capability  to  launch  in- 
dication or  decoy  devices  from  the 
ship. 

i.-’ 

•i1 

Fire  Control  System 

t Provides  the  capability  to  remotely 
input  desired  torpedo  control  siqnals. 
directly  or  indirectly  as  computed  by 
the  equipment,  and  to  initiate  tor- 
pedo firing. 

■. 

r 

5.  Bearing-Range  Indicators 
(MK-8) 

6.  Manual  Target  Motion 
Analysis  Plots 

• Provide  the  capability  to  display 
continuous  target  bearing  or  range 
information  from  a selected  source. 

• Provide  information  which  can  be 
used  to  aid  in  the  determination  of 
the  best  target  motion  solution. 

■■  - ■ - — ^ 

■%  r- 
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Table  III- A- 9 System  (Element)  Functional  Analysis  Results  - 
Strategic  Weapons  Subsystem 


1. 


SYSTEM  (ELEMENT) 


Missile  Tubes 


FUNCTION 


Provide  the  storage  and  ejection 
cylinder  for  the  missiles. 


2.  Gas  Generators 


• Provide  the  gas  pressure  necessary  to 
impulse  the  missile  out  of  the  tube 
and  to  the  water  surface. 


3.  Missile  Tube  Pressuri- 
zation 


4.  Missile  Gas  System 


• Provides  the  capability  of  equalizing 
missile  tube  pressure  with  the  asso- 
ciated sea  pressure  to  permit  opening 
the  missile  tube  hatch. 

• Provides  a source  of  stored  nitrogen 
and  the  capability  to  inert  the  missile 
tubes  if  desired. 


5.  Missile  Compensation 


6.  Missile  Hydraulics 


7.  Attach  Center  Indicating 
Panel 


• Provides  the  capability  to  automati- 
cally compensate  for  the  large  weight 
changes  (maintain  buoyancy)  associa- 
ted with  launching  a missile. 

t Provide  a hydraulic  source  and  control 
valves  for  hydraulically  operated 
equipment  associated  with  the  missile 
tubes. 

• Prov'  4gs  remote  status  indication 
with  the  ships  control  room  of  each 
missiie  and  provide  the  capability  to 
grant  or  withdraw  the  capability  to 
launch  mi ssil es. 


8.  Missile  Tube  Temperature 
Control 


• Provides  the  capability  to  measure 
and  control  the  missile  tube  temper- 
ature. 


9.  Missile  lube  Dehumidifi- 
cation 


• Provides  the  capability  to  measure 
the  humidity,  alarm,  and  dehumidify 
each  missile  tube's  atmosphere. 


10. 


Optical 


Reference 


Provides  the  capability  to  transfer 
position  of  the  reference  inertial 
platform  (navigation)  to  each  missile. 
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Table  III-A-9  (Concluded) 

SYSTEM  (ELEMENT) 

FUNCTION 

11.  Integrated  uta  Acquisi- 

• Provides  the  capability  to  record 

tion  Subsystem  (IDAS) 

pertinent  subsystem  data. 

12.  Fire  Control  System 

• Provides  the  capability  to  determine 

(MK-88) 

fire  control  parameters,  transmit 

data  to  each  missile,  and  control 

the  fire  control  sequence. 

13.  Missile  Test  and  Readiness 

• Prepares  and  checks  out  missile 

Equipment  (MTRE) 

readiness  conditions.  Sequentially 

performs  and  monitors  each  missile 

under  control  of  the  fire  control 

system. 
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Figure  III-A-16  Simplified  Functional  diagram  - Strategic  Weapons  Subsystem 
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Table  III-A-10  System  (Element)  Functional  Analysis  Results  - 
Habitability  Subsystem 


SYSTEM  (ELEMENT) 

A.  Life  Support 

1.  Ventilation 

2.  C02  Scrubbers 

3.  02  Generators 

4.  C0/H2  Burners 

5.  02  System 

6.  Potable  Water 

7.  Galley 

8.  Laundry 


FUNCTION 


• Provides  for  the  recirculation  of  air 
throughout  the  ship,  emergency  venti- 
lation of  any  portion  of  the  ship, 
introduction  of  exterior  air  into  the 
confined  ship's  atmospnere,  and  an 
air  supply  to  the  diesel  engine. 

§ Provide  for  removal  and  concentration 
control  of  carbon  dioxide  within  the 
atmosphere. 

• Provide  for  the  production  of  oxygen 
to  replenish  that  used  while  submer- 
ged. 

• Provide  for  removal  and  concentration 
control  of  carbon  monoxide,  hydrogen, 
and  some  hydrocarbons  within  the  at- 
mosphere. 

• Provides  storage  banks  and  variable 
regulated  distribution  to  the  atmos- 
phere. 

t Provides  the  capability  to  store  and 
distribute  potable  water. 

t Provides  the  capability  to  prepare 
food  and  maintain  the  necessary  dining 
utensils. 

0 Provides  the  capability  to  wash  and 
dry  laundry  on  board  ship. 


9.  Atmosphere  Analyzer 


0 Provides  the  capability  to  sample  the 
atmosphere  of  each  compartment  through 
a central  console.  Provision  is  pro- 
vided to  determine  the  concentration 
of  ^hose  gases  necessary  for  life  sup- 
port and  those  detrimental  to  life 
support  that  may  be  generated  on 
board  ship. 
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retire  III- A- 10  (Continued) 


SYSTEM  (ELEMENT) 

FUNCTION 

A.  Life  Support  (Ccnt'd) 

10.  Total  Hydrocarbon 
Analyzer 

• Provides  a time-related  total  concen- 
tration of  hydrocarbons  as  well  as 
the  concentration  of  some  specific 
hydrocarbons.  Results  and  concen- 
trations can  be  compared  in  a time- 
related  manner. 

B.  Wa'te  Management 

1.  Trash  Disposal  Unit 

• Provides  the  capability  to  dispose  of 
trash  in  a covert  manner. 

?..  Plumbing  - Sanitary 
Tanks 

• Provide  the  capability  to  collect  and 
dispose  of  liquid  and  semi-liquid 
waste. 
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Figure  III-A-17  Simplified 
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Figure  III-A-17  Simplified  Functional  Diagram  - Habitability  Subsystem 
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Table  III-A-11  System  ( Element ) Functional  Analysis  Results 
Casualty  and  Damage  Control  Subsystem 


SYSTEM  (ELEMENT) 


1.  Water-tight  Doors  and 
Hatches 


2.  Escape  Trunks 


FUNCTION 


• Provide  the  means  to  isolate  the 
ship's  compartments  with  water-tight 
seal  doors. 

• Provide  escape  exits  for  emergency 
exit  from  the  ship.  Most  of  tne  es- 
cape trunks  are  also  used  for  normal 
entrance  and  exit  of  equipment  and 
crew. 


3.  Submersible  Pumps 


4.  Damage  Control  Tools 


5.  Emergency  Lighting 


6.  Fire  Extinguishers 


7.  Fire  Hoses 


8.  Steam  Suits 


9.  Salvage  Air 


10.  Internal  Communications 


• Provide  portable  submersible  pumps 

to  supply  a backup  method  of  removing 
watev>  from  bilges. 

• Provide  a set  of  hand  tools  (wrenches, 
screw  drivers,  cutters,  etc),  sealing 
devices  (patching  materials,  metallic 
straps,  etc)  for  emergency  or  casual- 
ty repairs. 

• Provides  emergency  lighting  capabili- 
ties for  permanently  mounted  and 
portable  units. 

• Provide  portable  fire  f’ghting  caoa- 
bility  with  CO2  and  chemical  extin- 
guishers to  control  fires  within  the 
capability  of  the  extinguishers. 

• Provide  the  capability  to  control 
large  fires  with  sea  water. 

• Provide  heat  retardant  suits  with 
the  capability  for  connection  to  an 
external  air  supply  for  application 

1.J  i 4-  k n f +■  a m 1 \*  + u 
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9 Provides  the  capabilities  to  pressur- 
ize the  ship's  compartments  from 
internal  air  systems,  and  from  out- 
side sources. 

• Provide  the  capability  for  sound 
powered  and  amplified  internal  voice 
communications  circuits. 
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Table  III-A-11  (Concluded) 


SYSTEM  (ELEMENT) 


11.  Emergency  Air  Breathing 
(EBA) 


12.  Oxygen  Breathing  Apparatus 
(OBA) 


13.  Lithium  Hydroxide  Canis- 
ters 

14.  Radiation  Detection 


15.  Messenger  Buoy 


16.  Security  Buoy 


FUNCTION 


i 

L 


• Provides  the  manifold  outlets  to  con- 
nect air  breathing  masks  within  the 
ship's  compartments  fo*'  emergency 
atmosphere  control. 

• Provides  a portable  breathing  lung 
which  utilizes  a self-contained  oxygen 
source  (time-limited)  for  use  within 

a contaminated  atmosphere. 

» Provide  a backup  method  to  remove  CCL 
from  the  ship's  atmosphere. 

e Provides  the  caDability  to  measure 
air,  surface,  arid  water  radiation 
level s . 

• Provides  the  capability  to  release  a 
buoy  if  disabled  in  order  to  identify 
the  ship  location  and  aid  in  rescue 

. activities. 

o Provides  the  capability  to  release 
(manual  or  automatic)  a casualty  buo.v 
which  will  transmit  a casualty  message 


I*  WPS*  iUHli w ■ * HU"  l p J*Pji  «*fl 7 »?ySWJ*:  j 


1 | 


2.  Crew  Functions 


The  crew  functions,  operations,  and  activities  required  to  operate 
the  current  baseline  SSBN  for  nominal,  non-nominal , and  casualty 
evolutions  are  presented  in  this  section.  The  data  represent 
the  results  of  an  in-depth  analysis  of  crew  functions  on  current, 
operational  SSBNs,  The  data  were  obtained  from  reviews  of  existing 
Naval  manuals  and  regulations  and  interviews  with  active-duty  and 
retired  Navy  submarine  command  personnel. 

Specific  emphasis  in  these  analyses  was  directed  to  evaluations  of: 
(1)  specific  crew  member  duties  and  responsibilities;  (2)  specific 
crew  operations  required  to  accomplish  the  SSBN  mission  functions  and 
evolutions;  and  (3)  the  command  structure  on  SSBNs  including  the 
underway  and  in-port  watch  structure  and  the  administration  struc- 
ture. The&e  data  served  as  the  bhsis  for  determining  the  impact  of 
mechanization  concepts  on  crew  functions  and  procedures  and  on  crew 
size  discussed  in  Section  III-B.6  of  the  report. 

The  data  are  presented  in  three  categories: 

a.  SSBN  Watch  Organization  - A discussion  of  watch  stan-lei 
requirements  and  responsibilities,  specification  of  underway  and 
in-port  watch  structures,  and  identification  of  personnel  respon- 
sibilities and  organizational  relationships. 

b.  Administrative  Structure  - Identification  of  typical  SSBN 
administrative  structure. 

c.  Operational  Analyses  - Identification  of  nominal  SSBN  mis- 
sion segments  and  relevant  Bills,  and  specification  of  crew  member 
command  responsibilities,  actions,  and  communication  responsibil- 
ities for  eight  major  ship  control  Bills. 
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a.  The  SSBN  Watch  Organization  - The  basic  purposes  and 
requirements  for  watches  on  naval  vessels  are  set  forth  in  U.  S. 

Navy  Regulations  which  state  that  watches  are  established  for  the 

safety  and  proper  operation  of  the  command. 

The  following  instructions,  paraphrased  from  General  Duties  of  Watch 
Officer,  U.  S.  Navy  Regulations,  set  forth  the  general  guides  for 
standards  to  be  met  by  all  watchstanders . Specifically  each  person 
on  watch: 

• is  responsible  for  the  proper  performance  of  all  duties  pre- 
scribed for  his  watch  and  all  persons  under  him  will  be  subject 
to  his  orders; 

• remains  responsible  for  his  watch  and  at  his  station  untix  prop- 
erly relieved.  He  is  required  to  instruct  all  persons  on  watch 
under  him  in  the  performance  of  their  duties,  and  to  ensure 
that  they  are  at  their  stations,  attentive,  alert,  and  ready  for 
duty.  He  will  train  himself  and  his  subordinates  to  foresee 
situations  which  may  arise  and  to  take  such  timely  and  remedial 
action  as  may  be  required; 

• is  responsible  for  informing  the  appropriate  persons  of  matters 
pertaining  to  his  watch  which  they  should  know  for  the  proper 
performance  of  their  duties; 

9 makes  all  required  inspections  and  any  such  additional  ones  as 
permitted  and  considered  necessary  to  ensure  that  the  duties 
of  the  watch  are  properly  performed. 

There  are  two  primary  areas  of  responsibility  assigned  to  watch- 
standers— casualty  action,  and  log-keeping  and  instrumentation. 

In  terms  of  casualty  action,  each  watchstander  is  required  to  read 
and  understand  all  casualty  procedures  pertinent  to  his  watch 
station  and  to  review  these  casualty  procedures  periodically  as 
necessary  to  ensure  complete  familiarity.  In  the  event  of  a casual- 
ty at  his  watch  station,  he  takes  active  charge  of  casualty  control 
until  relieved  by  a senior,  and  all  casualties  and  abnormal  condi- 
tions are  reported,  through  the  watch  organization,  to  the  Officer 
of  the  Deck  or  the  Duty  Officer. 

The  importance  of  log  keeping  and  instrumentation  monitoring 
responsibilities  has  been  emphasized  from  extensive  experience 
with  naval  machinery/equipment . Therefore,  watchstanders  are 
required  to  carefully  note  the  significance  of  log  readings  and 
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trends.  A review  for  trends  at  the  time  of  recording  hourly  read- 
ings may  indicate  a system  change  which  can  be  diagnosed  and  rec- 
tified before  the  situation  deteriorates  into  a casualty.  All  such 
trends  are  reported  immediately  and  investigated  promptly. 

Underway  watches  are  never  longer  than  six  hours  in  length  except 
for  abnormal  evolutions  or  casualty  actions.  The  standard  watch 
is  four  hours  in  length.  In-port  watches  will  normally  be  four 
hours  in  length  but  may  be  extended  as  ne  rssary  to  meet  special 
requirements  (e.g.,  during  overhaul  or  new  construction). 

Watch  rotation  requires  the  relieving  watchstander  to  make  a thorough 
and  complete  inspection  of  all  spaces  and  equipments  under  his  cog- 
nizance before  relieving  the  on-duty  watchstander.  It  is  usual 
practice  for  the  relief  to  examine  all  applicable  equipment  log  read- 
ings on  his  watch  station  since  he  last  had  the  watch,  noting  any 
variations  from  normal  such  as  voltages,  pressures,  temperatures, 
etc.  [He  is  specifically  required  to  read  the  commentary  sections 
(remarks)  of  applicable  logs  back  to  the  last  time  he  was  on  watch 
(or  to  the  time  of  getting  underway,  plant  startup,  equipment  light- 
off,  or  for  the  preceding  three  watches  if  continuity  of  watches 
has  been  interruped)  carefully  noting  and  discussing  unusual  con- 
ditions, deviations  from  normal  or  other  matters  of  importance.] 

Such  variations  should  be  discussed  and  any  questions  resolved  prior 
to  watch  relief.  Watch  relief  must  also  insure  that  the  preceding 
watch  has  completed  and  signed  the  log  sheets  as  required. 

1)  Normal  Underway  Watoh  Requirements  - The  SSBN  crew  is 
organized  into  three  watch  sections  for  underway  cruising.  Each 
section  is  capable  of  operating  the  ship  both  surfaced  and  sub- 
merged on  all  types  of  propulsion.  The  watch  structure  is  shown 
in  Table  III-A-12. 

Note:  Only  personnel  currently  qualified  in  accordance  with  the 
provisions  of  BUPERSINST  1540.40  are  assigned  to  watch  stations 
marked  with  an  asterisk.  Specific  instructions  regarding  station- 
ing these  watches  are  presented  in  Engineering  Department  Organ- 
ise i-iuu  Manual  fur  Naval  Nuclear  Propulsion  Plants. 
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Table  III-A-1P,  Normal  Underway  Watches 


WATCH  1 

SUBMERGED 

SURFACED 

NORMALLY  MANNED  BY 

Officer  of  the  Deck 

Periscope  Station 

Bridge 

Officer 

Diving  Officer  of 
the  Watch 

Control  Center 

— 

Officer/CPO 

Chief  of  the  Watch 

BCP 

BCP 

CPO/Senior  PO 

Quartermaster 

Attack  Center 

Attack  Center 

QM 

Navigation  Center 
Supervisor 

Navigation  Center 

Navigation  Center 

ET/QM 

Navigation  Watch 

Navigation  Center 

Navigation  Center 

ET/QM 

Navigation  Equipment 
Technician 

Navigation  Center 

Navigation  Center 

ET 

Sonar  Supervisor 

Sonar  Control  Room 

Sonar  Control  Room 

ST 

Radar/ECM 

Attack  Center 

Attack  Center 

ET 

Sonar  Operator 

Sonar  Control  Room 

Sonar  Control  Room 

ST 

Radio  Supervisor 

Radio  Room 

Radio  Room 

RM 

Radio  Operator 

Radio  Room 

Radio  Room 

RM 

Helmsmai. 

Helm/Fairwater  Planes 

Helm 

SN/FN 

Planesman 

Stern  Planes 

Bridge  Lookout 

SN/FN 

Lee  Helmsman/Messen- 
ger 

Control  Center 

Control  Center 

SN/FN 

Torpedo  Room  Watch 

Torpedo  Room 

Torpedo  Room 

TM 

Missile  Control  Super- 
visor 

Missile  Control  Center 

Missile  Control 
Center 

FT/MT 

MCC  Assistant  (when 
assigned) 

Missile  Control  Center 

Missile  Control 
Center 

MT/FT 

LOS  Watch 

Missile  Compartment 

Missile  Compart- 
ment 

TM/MT 

Assistant  LOS  Watch 

Missile  Compartment 

Missile  Compart- 
ment 

MT/TM 

Missile  Compartment 
Rovinq  Patrol 

Missile  Compartment 

Missile  Compart- 
ment 

TM/MT/FTB 

EOOW* 

Maneuvering  Room 

Maneuvering  Room 

Officer 

Engineering  Watch 
Supervisor* 

Engineering  Spaces 

Engineering  Spaces 

CPO/Senior  PO 

Throttleman* 

Maneuvering  Room 

Maneuvering  Room 

EM/ 1 C 

Electrical  Operator* 

Maneuvering  Room 

Maneuvering  Room 

EM/  IC 

♦Only  personnel  who  have  successfully  completed  nuclear  power  tra- 

ning  shall 

be  assigned  to  these  watches. 
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Table  III-A-12 

(Concluded) 

WATCH 

SUBMERGED 

SURFACED 

NORMALLY  MANNED  BY 

Reactor  Operator* 

Maneuvering  Room 

Maneuvering  Room 

ET 

Auxiliary  Electrician 
Forward 

Control  Room 

Control  Room 

IC/EM 

AMR  #2  Upper  Level* 

AMR  #2  UL/Tunnel 

AMR  #2  UL/Tunnel 

ET/ IC 

Auxiliary  Watch  For- 
ward 

Control  Room 

Control  Room 

MM 

Engine  Room  Super- 
visor* 

Engine  Room 

Engine  Room 

MM 

Engine  Room  Upper 
Level* 

Engine  Room  UL 

Engine  Room  UL 

MM 

Engine  Room  Lower 
Level* 

Engine  Room  LL 

Engine  Room  LL 

MM 

AMR  #2  Lower  Level 
Watch* 

AMR  #2  LL 

AMR  #2  LL 

MM 

Auxiliaryman  Aft 

Engineering  Spaces 

Engineering  Spaces 

MM 

AMR  #1 

AMn  JiT 

nv IK  rr  i 

AMH  JH 
nni\  tt  i 

MM/ EM/  IC 

Engineering  Labora- 
tory Technician* 

Nucleonics  Labora- 
tory 

Nucleonics  Lab- 
oratory 

MM 

Auxiliary  Electrician 
Aft* 

Engineering  Spaces 

Engineering  Spaces 

EM/IC 
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The  underway  watches  identified  below  are  normally  stood  on  a part-time 
basis  as  assigned  by  the  appropriate  Department  Head. 

SPECIAL  WATCHES  STATION  NORMALLY  MANNED  BY 

(may  have  one  or  more 
men  per  watch) 


Ship's  Cooks 

Galley 

MS 

Messmen 

Galley 

Ship's  Office 

SN/FN 

Yeoman 

YN 

Stewards 

Pantry 

MS. 

Hospital  Corpsman 

Sick  Bay 

HM 

Storekeepers 

Supply  Office 

SK 

The  specific  responsibilities  and  organizational  relationships  of 
personnel  assigned  major  responsibility  for  ship  control  functions 
are  presented  in  Table  III-A-13. 


2)  Watch  Organization  In-port  - The  in-port  duty  section  is 
responsible  for  the  security  of  the  ship  at  anchor  or  moored.  Tt 
shall  be  directed  and  supervised  by  a Duty  Officer  assisted  by  an 
Engineering  Duty  Officer  and  shall  consist  of  sufficient  personnel 
having  the  necessary  qualifications  to  get  the  ship  underway  and 
perform  all  routine  submarine  evolutions.  As  a minimum,  the  in- 
port duty  section  shall  be  composed  of  the  following: 


• Duty  Officer; 

• Weapons  Duty  Officer  (if  tactical  missiles  are  on  board); 

• Duty  Chief  Petty  Officer; 

• Engineering  Duty  Petty  Officer  qualified  as  Engineer- 
ing Watch  Supervisor;* 

e Continuous  Petty  Officer  of  the  Deck; 

• Continuous  Topside  Sentry; 

• Continuous  Belov  Decks  Watch; 

• Continuous  Shutdown  Maneuvering  Area  Watch;* 

• Continuous  Propulsion  Plant  Shutdown  Roving  Watch;* 

• Shutdown  Electrical  Operator  (when  assigned);* 

• Continuous  Weapons  Watch  (if  missiles  or  ASTOR  are 
on  board); 

• Other  departmental  watches  as  required. 


The  specific  responsibilities  and  organizational  relationships 
of  in-port  watch  personnel  are  identified  in  Table  III--A-14 . 
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Table  III-A-13  SSBfi  tdndemay  Watah  Personnel  Responsibilities 


PERSONNEL 


BASIC  FUNCTION 


Officer  of  the  The  Officer  of  the  Deck 
Deck  (00D)  underway  Is  that  offi- 
cer on  watch  who  has 
been  designated  by  the 
Commanding  Officer  to 
be  In  charge  of  the 
ship.  He  Is  primarily 
responsible,  under  the 
Commanding  Officer,  for 
the  safe  and  proper  op- 
eration of  the  ship, 
and  for  the  safety  and 
performance  of  person- 
nel in  the  ship. 


ORGANIZATIONAL 

RELATIONSHIPS 

The  Officer  of  the  Deck 
reports  directly  to  the 
Commanding  Officer  for 
the  safe  navigation  and 
general  operation  of 
the  ship  and  to  the 
Executive  Officer  for 
carrying  out  the  ship's 
routine. 


DUTIES 


Keep  himself  informed  concernln 
affect  the  safe  navigation  of  t 
grounding  or  collision  in  accor 
road,  and  the  orders  of  the  Coni 

Keep  himself  Informed  concernln 
and  the  Commanding  Officer,  and; 
operations. J 

Keep  himself  aware  of  the  statui 
ordered  condition  of  readiness  ' 
Officer  and  the  Weapons  Officer; 

Keep  himself  informed  of  the  st« 

Keep  himself  informed  of  the  stal 
control  equipment.  The  Command! 
cal  Officer  shall  be  notified  wn 

Make  all  reports  to  the  Command! 
and  by  the  Commanding  Officer,  f 

Ensure  that  the  Executive  Off lei 
changes  in  the  tactical  situatlcf 
heavy  weather,  equipment  out  off 
a change  In  the  ship's  routine  q| 

Keep  the  Navigator  informed  of  <& 
changes  i r.  visibility,  of  sight! 
buoys,  discolored  waters  or  deraj 
indications  of  set  and  drift  an«f 

Ensure  that  the  required  report! 
or  other  routines  are  made  pronfl| 

Issue  necessary  orders  to  the  hi] 

an  assigned  position  or  to  chang 

with  orders  of  proper  authority,! 
— ■ 

Directly  supervise  all  personnel] 

exercise  overall  control  of  otht 

Keep  and  sign  the  Deck  Log,  su’Vj 

Upon  being  relieved,  complete  a! 
report  the  results  o*  this  Inspi 
to  the  Commanding  Officer. ^ 

Prior  to  dtvtng  the  ship,  obtairt 
In  case  ship  must  be  submerged  I 
surface  the  ship  If  soundings  1f| 

SPECIAL  NOTE:  Distinction  betwj 
beck  must  be  thoroughly  aware 
control  of  the  movements  of  the 
the  watch  as  outlined  in  U.  S.  $ 
Conn  is  also  Officer  of  the  Deck 
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DUTIES,  RESPONSIBILITIES,  AND  AUTHORITY 


peck 
If  the 
for 
land 


Keep  himself  informed  concerning  the  tactical  situation  and  geographical  factors  which  may 
affect  the  safe  navigation  of  the  ship,  and  take  appropriate  action  to  avoid  the  danger  of 
grounding  or  collision  in  accordance  with  tactical  doctrine,  the  rules  of  the  nautical 
road,  and  the  orders  of  the  Commanding  Officer  or  other  proper  authority. 

Keep  himself  informed  concerning  current  operation  plans  and  orders.  Intentions  of  the  OTC 
and  the  Commanding  Officer,  and  such  other  matters  that  may  pertain  to  ship  or  force 
operations. 

Keep  himself  aware  of  the  status  of  the  Torpedo  and  Missile  batteries,  ensuring  that  the 
ordered  condition  of  readiness  is  maintained,  and  promptly  reporting  to  the  Commanding 
Officer  and  the  Weapons  Officer  any  changes  in  the  condition  of  readiness. 

Keep  himself  informed  of  the  status  and  current  capabilities  of  the  engineering  plant. 

Keep  himself  informed  of  the  status  and  condition  of  the  ship's  atmosphere  and  atmosphere 
control  equipment.  The  Commanding  Of^cer,  Executive  Officer,  Engineer  Officer  and  Medi- 
cal  Officer  shall  be  notified  wheneve  internal  atmospheric  conditions  arc  abnormal. 


[Make  all  reports  to  the  Commanding  Officer  that  are  required  by  U.  S.  Navy  Regulations, 
and  by  the  Commanding  Officer. 

Ensure  that  the  Executive  Officer  and  Department  Heads  concerned  are  kept  informed  of 
changes  In  the  tactical  situation,  changes  in  operations  schedules,  the  approach  of 
v heavy  weather,  equipment  out  of  commission,  or  any  other  circumstances  which  would  require 
I a change  In  the  ship’s  routine  or  other  action  on  their  part. 

I Keep  the  Navigator  Informed  of  changes  of  course,  speed  and  depth,  notify  Navigator  of 

| changes  in  visibility,  of  sighting  of  all  land,  shoals,  rocks,  lighthouses,  beacons, 

| buoys,  discolored  waters  or  derangements  to  steering  system  or  navigational  equipment,  and 
I indications  of  set  and  drift  and  unanticipated  changes  in  fathometer  readings. 

I Ensure  that  the  required  reports  to  the  Officer  of  the  Deck  concerning  tests,  Inspections 

| or  other  routines  are  made  promptly  and  are  properly  organized. 

I Issue  necessary  orders  to  the  helm  and  Maneuvering  Room  to  avoid  danger,  to  take  or  keep 

I an  assigned  position  or  to  change  the  course,  depth  and  speed  of  the  ship  in  accordance 

I with  orders  of  proper  authority. 

I Directly  supervise  all  personnel  on  search  and  shtp  control  watches  when  submerged  and 
exercise  overall  control  of  other  watchstanders  at  all  times. 

| Keep  and  sign  the  Deck  log,  supervising  entries  made  by  other  personnel  of  his  watch. 

' Upon  being  relieved,  complete  and  sign  the  Deck  Log,  Inspect  the  ship  forward  of  Frame  85, 
report  the  results  of  this  Inspection  to  the  Officer  of  the  Deck,  and  report  his  relief 
' to  the  Commanding  Officer. 


Prior  to  diving  the  ship,  obtain  verified  sounding  to  assure  adequate  depth  below  the  keel. 
In  case  ship  must  oe  submerged  for  emergency  purposes  prior  to  obtaining  such  sounding, 
surface  the  ship  If  soundings  Indicate  Insufficient  depth. 


SPECIAL  NOTE:  Distinction  between  the  Deck  and  the  Conn.  Underway,  the  Offtcer  of  the 
Deck  musFTSe  thoroughly  aware  of  the  distinction  between  the  conn,  which  Is  the  actual 
control  of  the  movements  of  the  ship,  and  the  deck,  which  Is  the  supervisory  authority  of 
the  watch  as  outlined  in  U,  S.  Navy  Regulations  and  above.  When  the  Officer  who  has  the 
Conn  is  also  Officer  of  the  Deck,  he  has  the  responsibilities  Imposed  by  Navy  Regulations 
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Table  III-A-1S  ( Continued ) 


PERSONNEL 


Officer  of  the 
Deck  (OOD) 
(Continued) 


BASIC  FUNCTION 


ORGANIZATIONAL 

RELATIONSHIPS 


Diving  Officer!  The  Diving  Officer  of  The  Diving  Officer  of 


of  the  Watch 
(DOOW) 


the  Watch  is  that  offi-  the  Watch  reports 


Chief  of  the 
Watch  (COW) 


cer  or  senior  petty 
officer  (P01  or  above) 
on  watch  directly  re- 
sponsible to  the  Offi- 
cer of  the  Deck  for 
safe  and  proper  submer- 
ged control  of  the 
ship.  Officers  and 
Senior  Petty  Officers 
will  be  designated  by 
the  Commanding  Officer 
as  qualified  to  act  as 
Diving  Officer  of  the 
Watch. 


The  Chief  of  the  Watch 
is  the  assistant  to  the 
Officer  of  the  Deck 
(when  surfaced)  and  to 
the  Diving  Officer  of 
the  Watch  (when  sub- 
merged). 


directly  to  the  Officer 
of  the  Deck. 


DUTIES,  RESP 


as  well  as  those  additional  ones  Impos 

A definite  policy  of  taking  over  and  r 
of  the  conn  must  be  clearly  understood 
by  him  and,  most  Important,  carefully 
who  manually  perform  the  movement  dire 
measure  of  responsibility  for  the  ^ hi p 
when  he  is  relieved  of  the  conn  by  che 

The  Commanding  Officer,  at  his  dlscret 
conn.  In  .addition,  he  may  direct  the 
conn;  but  he  will  rarely,  if  ever,  rel 
engine  order  telegraph  will,  however, 
for  direction  of  the  ship's  movements-- 
ensure  efficient  response  and  eliminate 
sidered  proper  for  the  OOD  to  announce: 
as  appropriate)  has  the  conn",  and  immi 
the  conn,  "Sir,  I have  relinquished  the 


Keep  informed  of  the  navigational  facto 
the  ship. 


Keep  informed  of  the  status  of  all  equ 


Adjust  trim  and  compensation  of  the  sh 


D 

a 

t 


Control  routine  pumping  of  all  bilges  wf 


Make  all  required  reports  to  the  Office 


Inform  the  Ship's  Diving  Officer  of  ted 
his  attention.  ■ 


The  Chief  of  the  Watch 
reports  directly  to  the 
Officer  of  the  Deck 
(when  surfaced)  and  to 
the  Diving  Officer  of 
the  Watch  (when  sub- 
merged). 


Stand  his  watch  at  the  Ballast  Control  ■ 


Initiate  the  execution  of  ordered  dive  : 
Diving  Officer  of  the  Watch. 


Carry  out  the  routine  of  the  ship  as  sp 
Day,  and  orders  of  the  Officer  of  the  Q 


In  the  absence  of  an  officer  on  watch  f 
of  an  emergency,  ensuring  that  word  Is] 
the  Officer  of  the  Deck  fully  Informed \ 
emergency  until  an  officer  relieves  hlifl 


Ensure  that  fathometer  readings  are  tatj 
any  dangerous  situation  is  deemed  to  e>j 


| DUTIES,  RESPONSIBILITIES,  AND  AUTHORITY 

ias  well  as  those  additional  ones  imposed  by  directives  of  the  Commanding  Officer. 

definite  policy  of  taking  over  and  relinquishing  the  conn  must  be  followed.  The  status 
[of  the  conn  must  be  clearly  understood  by  the  Officer  of  the  Deck,  verbally  acknowledged 
[by  him  and,  most  important,  carefully  brought  to  the  attention  of  all  personnel  on  watch 
[who  manually  perform  the  movement  directed  by  the  Officer  who  has  the  Conn.  A considerable 
[measure  of  responsibility  for  the  ship's  safety  remains  with  the  Officer  of  the  Deck  even 
Mien  he  is  relieved  of  the  conn  by  the  Commanding  Officer  or  other  duly  qualified  officer. 

|The  Commanding  Officer,  at  his  discretion,  will  relieve  the  Officer  of  the  Deck  of  the 
iconn.  In  .addition,  he  may  direct  the  00D  how  to  proceed  at  any  time  without  assuming  the 
^conn;  but  he  will  rarely,  if  ever,  relieve  the  deck.  Any  direct  order  to  the  wheel  or 
[engine  order  telegraph  will,  however,  itself  constitute  assumption  of  the  responsibility 
[for  direction  of  the  ship's  movements--the  conn.  Under  these  conditions,  in  order  to 
[ensure  efficient  response  and  eliminate  the  possibility  of  conflicting  orders,  It  is  con- 
Isldered  proper  for  the  00D  to  announce  to  the  bridge  watch,  "The  Captain  (or  other  officer 
las  appropriate)  has  the  conn",  and  immediately  thereafter  report  to  the  Officer  who  has 
|the  conn,  "Sir,  I have  relinquished  the  conn." 

[Keep  informed  of  the  navigational  factors  involving  safe  and  proper  submerged  control  of 
[the  ship. 

[Keep  informed  of  the  status  of  all  equipment  which  may  affect  submerged  ship  control. 

fAdjust  trim  and  compensation  of  the  ship  for  best  submerged  control. 

^Direct  the  activities  of  the  Chief  of  the  Watch  and  planesman  in  maintaining  ordered  depth 
[and  ship  attitude  during  submerged  maneuvering,  and  in  conducting  diving  and  surfacing  of 
jthe  ship.  

Control  routine  pumping  of  all  bilges  with  the  drain  system. 

[Make  all  required  reports  to  the  Officer  of  the  Deck. 

[Inform  the  Ship's  Diving  Officer  of  technical,  material  and  training  matters  which  come  to 
[his  attention. 


[Stand  his  watch  at  the  Ballast  Control  Panel. 

Initiate  the  execution  of  ordered  dive  and  take  charge  of  the  dive  until  relieved  by  the 
iDIving  Officer  of  the  Watch. 

» " ■”  11  1 - — 

Carry  out  the  routine  of  the  ship  as  specified  by  Ship's  Instructions,  the  Plan  of  the 
0<fff,  and  orders  of  the  Officer  of  the  Deck  or  the  Diving  Officer  of  the  Watch. 

In  the  absence  of  an  officer  on  watch  in  the  Control  Center,  initiate  action  In  the  event 
|of  an  emergency,  ensuring  that  word  is  passed  and  alarm  sounded  when  appropriate.  Keep 
[the  Officer  of  the  Deck  fully  informed  and  supervise  the  execution  of  orders  to  combat  the 
emergency  until  an  officer  relieves  him  of  these  duties. 

[Ensure  that  fathometei  readings  are  taken,  recorded,  and  reported  when  directed  or  when 
■any  dangerous  situation  is  deemed  to  exist. 
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Table  III-A-12  (Concluded) 


PERSONNEL 


BASIC  FUNCTION 


Engineering  The  Engineering  Off i - 
Officer  of  the  cer  of  the  Watch  Is 


Watch  (EOOW) 


that  officer  on  watch 
certified  by  the  Eng  In 
eer  Officer  and  Com- 
manding Officer  as 
qualified  to  be  in 
charge  of  the  propul- 
sion plant,  its  asso- 
ciated auxiliaries  and 
the  atmosphere  control 
equipment.  He  is  pri- 
marily responsible  for 
the  safe  and  proper 
operation  of  such 
units  and  is  responsi- 
ble under  the  Officer 
of  the  Deck,  for  the 
safety  and  performance 
of  all  personnel  ass- 
igned engineering 
watches  and  in  engine- 
ering spaces. 


ORGANIZATIONAL 

RELAFIONSHIPS 


The  Engineering  Officer 
of  the  Watch  reports 
directly  to  the  Officer 
of  the  Deck.  The  En- 
gineer Officer  may  di- 
rect the  Engineering 
Officer  of  the  Watch 
concerning  his  duties 
and  may  assume  the  dut- 
ies of  the  watch  when 
in  his  judgment  such 
action  is  necessary. 


DUTIES, 


Ensure  that  all  orders  received  f: 
executed.  He  shall  not  permit  th 


Report  promptly  to  the  Officer  of- 
probable  derangement  of  machinery 


Ensure  that  alert  watches  are  bet 
operated  in  accordance  with  instr 
ified  personnel  in  accordance  wit 
inspections  and  safety  precaution 


Prior  to  relieving  as  Engineering] 
situations,  and  make  an  inspection 


Exercise  the  strictest  control  ovli 
ance  with  current  directives. 


Ensure  that  the  Engineering  Log,  | 
properly  kept  and  that  the  Bell  84 
vi duals  who  have  knowledge  of  the! 
Engineering  Officer  of  the  Watch  j 
watch.  He  shall  Inspect  the  Englf 
thereof  to  the  Officer  of  the  Dec! 


Control  routine  pumping  of  bilges> 
85  with  the  permission  of  the  Div; 


The  Planesrnan  reports 

directly  to  the  Diving  n , . . . , . ^ , 

Officer  of  the  Watch.  2p!ISte  S!s  p,a"f  as„dlrf  Jed 

depth  and/or  angle  ordered  by  the 

Be  particularly  alert  to  detect  a 
of  his  equipments  or  indicators  a 
Watch. 

Take  immediate  action  in  accordan 


The  Lookout  reports 

directly  to  the  Officer  u . . . . . . 

nf  Maintain  a continuous  360  sharp 

sounds  and  conditions  to  the  Offl 

Report  the  status  of  the  ship's  r 
played. 


The  Helmsman  is  respon- 
sible to  the  Officer  of  c.  . , . ..  _ 

the  Deck  in  matters  of  *t€*r  the  shlp  and  operate  the  En! 

ship  control.  — — , 

Be  particularly  alert  to  detect  ai 
the  equipments  or  indications  and 
Chief  of  the  Watch  and  Quartermas: 

Take  immediate  action  in  accordan 
casualty. 


arr-ft"7-  • 


DUTIES,  RESPONSIBILITIES,  AND  AUTHORITY 


Ensure  that  all  orders  received  from  the  Officer  of  the  Deck  are  promptly  and  properly 
executed.  He  shall  not  permit  the  shaft  to  be  turned  except  as  ordered. 

Report  promptly  to  the  Officer  of  the  Deck  and  to  the  Engineer  Officer  any  actual  or 
probable  derangement  of  machinery  or  auxiliaries. 

Ensure  that  alert  watches  are  being  maintained.  He  shall  ensure  that  machinery  is  being 
operated  in  accordance  with  instructions,  that  machinery  and  controls  are  manned  by  qual- 
ified personnel  in  accordance  with  approved  section  watch  bill,  and  that  all  applicable 
inspections  and  safety  precautions  are  being  carried  out. 

Prior  to  relieving  as  Engineering  Officer  of  the  Watch,  inform  himself  to  the  tactical 
situations,  and  make  an  inspection  of  the  engineering  spaces. 

Exercise  the  strictest  control  over  water  chemistry  and  radiological'  controls,  in  accord- 
ance  with  current  directives. 

Ensure  that  the  Engineering  Log,  Engineer's  Bell  Book  and  prescribed  operating  records  are 
properly  kept  and  that  the  Bell  Book  and  other  operating  records  are  signed  by  the  Indi- 
viduals who  have  knowledge  of  the  orders  given  and  executed.  On  being  relieved,  the 
Engineering  Officer  of  the  Watch  shall  sign  the  Engineering  Log  and  Bell  Book  for  this 
watch.  He  shall  Inspect  the  Engineering  Spaces  aft  of  Frame  85  and  report  the  results 
thereof  to  the  Officer  of  the  Deck. 

Control  routine  pumping  of  bilges  with  the  auxiliary  drain  system  for  spaces  aft  of  Frame 
85  with  the  permission  of  the  Diving  Officer  of  the  Watch. 


Steer  the  ship  and  operate  the  Engine  Order  Telegraph  as  ordered  by  the  Officer  of  the 
Deck. 

Be  particularly  alert  to  detect  any  irregularities  in  the  operation  or  function  of  any  of 
the  equipments  or  indications  and  immediately  report  such  to  the  Officer  of  the  Deck, 
Chief  of  the  Watch  and  Quai  termaster  of  the  Watch. 

Take  immediate  action  in  accordance  with  casulty  procedures  in  the  event  of  steering 
casualty. 


Operate  his  planes  as  directed  by  the  Diving  Officer  in  order  to  attain  and  maintain  the 
depth  and/or  angle  ordered  by  the  Diving  Officer. 

Be  particularly  alert  to  detect  any  Irregularities  in  the  operation  or  function  of  any 
of  his  equipments  or  indicators  and  immediately  report  such  to  the  Diving  Officer  of  the 
Watch. 

Take  immediate  action  in  accordance  with  casualty  procedures  in  the  event  of  casualty. 


Maintain  a continuous  360°  sharp  lookout,  reporting  all  contacts,  lights,  unusual  objects, 
sounds  and  conditions  to  the  Officer  of  the  Deck. __ 

Report  the  status  of  the  ship's  running  lights  each  half  hour  when  the  lights  are  dis- 
played. 
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Table  III-A-14  SSBN  In-Port  Watoh  Personnel  Responsibilities 


PERSONNEL 


BASIC  FUNCTION 


ORGANIZATIONAL 

RELATIONSHIPS 


DUTIES,  RE! 


Duty  Officer 


The  Duty  Officer  Is 
responsible  for  the  se- 
curity of  the  ship,  for 
the  conduct  of  the 
ship's  routine  and  in 
the  absence  of  the  reg 
ularly  responsible  of- 
ficer, for  the  super- 
vision of  all  ship's 
activities. 


The  Duty  Officer  re- 
ports to  the  Commanding 
Officer  in  matters  re- 
lating to  the  security, 
operation,  and  readi- 
ness of  the  ship  and  to 
the  Executive  Officer 
in  administrative  mat- 
ters. 


Conduct  a complete  inspection  of  the 


Ensure  that  the  Engineering  Duty  Off 
receive  reports  from  the  Engineering 


Supervise  preparations  for  getting  u 
on  getting  underway. 


Ensure  that  the  ship  is  safely  moore 
or  proceed  to  sea,  safely  navigated. 


Keep  himself  Informed  of  the  status 
ing  the  emergency  procedures  outline 


Coordinate  ship's  routine  with  major 
fuel ing. 


Personally  supervise  major  evolution 
ous  work  unless  specifically  relieve 


Engineering 
Duty  Officer 


The  in-port  Engineering 
Duty  Officer  is  a com 
missioned  officer  qual- 
ified in  nuclear  power 
(graduate  of  the  Naval 
Nuclear  Propulsion 
Training  Program). 


The  Engineering  Duty 
Officer  reports  to  the 
Duty  Officer.  He  sha>l 
also  report  directly 
to  the  Commanding  Of- 
ficer whenever  he  be- 
lieves such  action  to 
be  desirable  or  neces 
sary. 


Direct  and  supervise  engineering  dep 
internal  security  of  the  ship  and  th 
frame  85.  Approve  the  day's  list  of 
Engineering  Of f i cer . 


Exercise  close  supervision  over  all 


When  propulsion  plant  conditions  rec 
Supervisor  remain  continuously  in  ti 
Maneuvering  Room.)  He  shall  dischar 
Watch  delineated  in  this  manual  and 


Exercise  the  strictest  control  over 
istry  in  accordance  with  current  dt» 


Conduct  a complete  inspection  of  th< 
to  the  Duty  Officer,  at  least  once  < 
Ensure  all  tours  are  logged  in  the  I 


Ensure  that  Battery  Charging  Procedi 
are  adhered  to.  Verify  charging  "V 
battery  charge. 


Keep  the  ship's  Duty  Officer  Infonru 
his  relief  to  the  ship's  Duty  Offlci 


Weapons  Duty 
Officer 


Weapons  Duty  Officer 
shall  be  on  board  at 
all  times  whenever  nuc-1 
Tear  weapors  and/or 
tactical  Po  ildcn  mis- 
siles are  on  board. 

The  Weapons  Duty  Offi- 
cer shall  assist  and 
be  subordinate  to  the 
Ship's  Duty  Officer  ancj 


The  Weapons  Duty  Offi- 
cer reports  to  the 
Duty  Officer.  He  shal 
also  report  directly  tcj 
the  Commanding  Officer 
whenever  he  believes 
such  action  to  be  des- 
irable or  necessary. 


Instructions  herein  amplify  the  pro' 
The  Weapon's  Duty  Officer  shall: 

Assist  the  Duty  Officer  and  direct  i 
section  in  ensuring  the  security  of 


Exercise  close  supervision  over  all 
the  missiles  and  launching  subsystei 


Remain  cognizant  of  all  deviations 
ity  to  respond  to  casualties  to  the 
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DUTIES,  RESPONSIBILITIES,  AND  AUTHORITY 


Conduct  a complete  Inspection  of  the  ship  topside  and  below  decks,  forward  of  frame  85. 


Ensure  that  the  Engineering  Duty  Officer  conducts  similar  inspections  aft  of  frame  8S  and 
receive  reports  from  the  Engineering  Duty  Officer  upon  completion  of  each  Inspection. 


Supervise  preparations  for  getting  underway,  and  be  prepared  to  assume  the  duties  of  00D 
on  getting  underway.  


Ensure  that  the  ship  is  safely  moored  and,  If  necessary,  to  get  underway  to  shift  berths 
or  proceed  to  sea,  safely  navigated.  Know  currently  assigned  dispersal  area. 


Keep  himself  informed  of  the  status  of  any  nuclear  weapons  which  may  be  on  board,  includ- 
ing the  emergency  procedures  outlined  in  the  Nuclear  Accident  Folder. 


Coordinate  ship's  routine  with  major  engineering  activities  such  as  oxygen  charging  or 
fueling. 


Personally  supervise  major  evolutions  such  as  torpedo  loading,  diving  operations  or  hazard- 
ous work  unless  specifically  relieved  by  another  officer. 


Direct  and  supervise  engineering  department  members  of  the  duty  section  in  ensuring  the 
Internal  security  of  the  ship  and  the  operation  of  Engineering  Department  equipment  aft  of 
frame  85.  Approve  the  day's  list  of  propulsion  plant  watchstanders  in  the  absence  of  the 
Engineering  Officer. 


Exercise  close  supervision  over  all  operations  which  may  affect  the  reactor  plant. 


When  propulsion  plant  conditions  require,  ensure  that  both  he  and  the  Engineering  Watch 
Supervisor  remain  continuously  in  the  Engineering  spaces.  (His  normal  station  shall  be  the1 
Maneuvering  Room.)  He  shall  discharge  the  responsibilities  of  Engineering  Officer  of  the 
Watch  delineated  in  this  manual  and  in  Engineering  Department  directives. 


Exercise  the  strictest  control  over  radiological  controls,  water  chemtstry,  and  radtochem- 
istry  in  accordance  with  current  directives. 


Conduct  a complete  inspection  of  the  Engineering  spaces,  reporting  completion  and  results 
to  the  Duty  Officer,  at  least  once  during  each  4-hour  watch  period  during  his  tour  of  duty. 
Ensure  all  tours  are  logged  in  the  Engineering  Log. 


Ensure  that  Battery  Charging  Procedures  set  forth  In  Engineering  Department  Instructions 
are  adhered  to.  Verify  charging  "line-up"  prior  to  requesting  permission  to  start  a 
battery  charge. 


Keep  the  ship's  Duty  Officer  Informed  on  the  status  of  the  engineering  plant  and  report 
his  relief  to  the  ship's  Duty  Officer. 


Instructions  herein  amplify  the  provisions  of  U.  S.  Navy  Regulations  and  Force  Regulations. 
The  Weapon's  Duty  Officer  shall: 

Assist  the  Duty  Officer  and  direct  and  supervise  Weapons  Department  members  of  the  duty 
section  in  ensuring  the  security  of  the  ship.  


Exercise  close  supervision  over  all  operations  which  involve  the  security  and  safety  of 
the  missiles  and  launching  subsystem  and  which  Involve  the  readiness  of  the  Weapons  System. 


1 


Remain  cognizant  of  all  deviations  f»om  equipment/ system  lineups  which  involve  the  capabil- 
ity to  respond  to  casualties  to  the  missile  subsystem  or  launch  subsystem. 
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Table  III-A-14  (Continued) 


PERSONNEL 


BASIC  FUNCTION 


ORGANIZATIONAL 

RELATIONSHIPS 


DUTIES 


Duty 


Weapons 
Officer 
(Continued) 


will  be  responsible  to 
him  for  nuclear  weapons 
safety,  security  and 
casualty  control.  If 
so  qualified,  the 
Ship's  Duty  Officer  may 
also  act  as  Weapons 
Duty  Officer. 


Remain  cognizant  of  the  status  o; 
on  Weapons  Systems  equipment  whtf 


Keep  the  Ship's  Duty  Officer  infi 
relief  to  the  Ship's  Duty  Office! 


Duty  Chief 
Petty  Officer 


The  Duty  Chief  Petty 
Officer  is  an  assis- 
tant to  the  Duty  Offi- 
cer and  must  be  quali- 
fied to  act  as  Chief 
of  the  Watcn.  He  Is 
responsible  for  direct-J 
ing  and  supervising 
the  duty  section  to 
ensure:  the  safety  and 
security  of  the  ship; 
the  efficient  execution! 
of  the  ship's  routine 
and  the  Plan  of  the 
Day;  the  continuing 
readiness  of  ship  for 
sea;  the  discipline  of 
the  crew;  and  the 
smart  appearance  of  thd 
ship  and  crew. 


The  Duty  Chief  Petty 
Officer  reports  to  the 
Duty  Officer. 


Keep  the  watch  alert,  checking  pa 


Engineering 
Duty  Petty 
Officer 


The  in-port  Engineering 
Duty  Petty  Officer  is 
a senior  petty  officer 
qualified  in  nuclear 
power  (graduate  of  the 
Naval  Nuclear  Power 
Propulsion  Training 
Program) . 


The  Engineering  Duty 
Petty  Officer  reports 
directly  to  the  Engin 
eering  Duty  Officer. 

In  his  military  func- 
tion in  the  duty  sec- 
tion, he  is  subordin- 
ate to  and  will  assist 
the  Duty  Chief  Petty 
Officer  in  the  conduct 
of  duties. 


The  Engineering  Duty  Petty  Off id 
the  petty  officer  in  charge  of  tj 

Be  present  in  the  engineering  spl 
conditions  affecting  the  safety  l 
lar  times  as  may  be  ordered  by  tl 


Make  a complete  inspection  of  th! 
the  Engineering  Duty  Officer  at  j 
of  duty,  staggering  the  time  of  j 
Officer.  Ensure  all  tours  are  li 


Below  Decks 
Watch 


The  Below  Decks  Watch 
is  a responsible  petty 
officer  qualified  in 
FBM  submarines  and 
fully  qualified  to  de- 
tect and  correct  con- 
ditions whlcn  may  lead 
to  damage  to  ship  or 


The  Below  Decks  Watch 
reports  through  the 
Duty  Chief  Petty  Offi- 
cer to  the  Duty 
Officer. 


Inspect  the  ship  by  continuou; 
low  decks  checkoff  lists.  Durlrt 
enter  all  lower  .'ck  level  spactt 
conditions  if  such  entry  is  not  i 
battery  well  during  a battery  cli 


y 


DUTIES,  RESPONSIBILITIES,  AND  AUTHORITY 


Remain  cognizant  of  the  status  of  a"!  1 repairs,  maintenance  and  alterations  being  performed 
on  Weapons  Systems  equipment  whether  by  ship's  force  or  by  outside  activities. 


Keep  the  Ship's  Duty  Officer  informed  of  the  status  of  the  Weapons  System  and  report  his 
relief  to  the  Ship's  Duty  Officer. 


y 

ts 
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Keep  the  watch  alert,  checking  performance  by  Inspection. 


The  Engineering  Duty  Petty  Officer  is  an  assistant  to  the  Engineering  Duty  Officer.  He  is 
the  petty  officer  In  charge  of  the  engineering  duty  section,  and  as  such  he  shall: 

Be  present  in  the  engineering  spaces  when  the  reactor  is  critical  and  whenever  unusual 
conditions  affecting  the  safety  or  operability  of  the  plant  exist,  and  at  other  particu- 
lar times  as  may  be  ordered  by  the  Engineering  Duty  Officer. 


Make  a complete  inspection  of  the  engineering  spaces,  reporting  completion  and  results  to 
the  Engineering  Duty  Officer  at  least  once  during  each  4-hour  watch  period  during  his  tour 
of  duty,  staggering  the  time  of  his  inspection  with  those  made  by  the  Engineering  Duty 
Officer.  Ensure  all  tours  are  logged  in  the  Engineering  Log. 


Inspect  the  ship  by  continuous  patrol,  making  hourly  notation  of  conditions  In  the  be- 
low decks  checkoff  lists.  During  the  course  of  his  continuous  patrol,  the  watch  will 
enter  all  lower  deck  level  spaces  (battery  well,  bilges,  storerooms,  etc)  to  ascertain 
conditions  if  such  entry  is  not  contrary  to  current  evolutions  such  as  entry  into  the 
battery  well  during  a battery  charge.  He  shall  be  particularly  alert  to  detect: 
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Table  III- A- 14  ( Concluded ) 


PERSONNEL 


BASIC  FUNCTION 


ORGANIZATIONAL 

RELATIONSHIPS 


Below  Decks  her  equipment  or  jeopar 

Watch  ( Conti n-  dlze  the  safety  of  per- 
ued)  sonnel . His  primary 

function  is  to  ensure 
the  internal  security 
of  the  ship  fbrward  of 
the  Missile  Compartment 


DUTIES,; 


abnormal  changes  in  conditions  no- 
water  or  escaping  air,  the  impropi 
or  fuel ; any  casualties  to  person! 
abnormal  conditions  during  batter, 


Give  alarm  in  the  event  of  disord 


Ensure  that  bilges  are  pumped  whel 
become  half  full. 


Keep  himself  Informed  of  the  operi 


Inspect  bilges  from  the  lower  fla 


Inspect  torpedo  security  bands  an 
ASTOR,  visually  examine  the  integ 
alertness  of  the  torpedo  room  wat 


Check  all  ship's  safes  locked  shu^ 


Petty  Officer  The  Petty  Officer  of  The  Petty  Officer  of 

of  the  Deck  the  Deck  Is  a qualified  the  Deck  is  responsible 

petty  officer  stationed  through  the  Duty  Chief 


on  the  main  deck  to 
ensure  the  external  se- 
curity of  the  ship.  In 
addition  he  serves  as  a 
communl cations  link  be- 
tween the  ship  and 
other  activities  and  as 
the  ship's  official 
representative  for  all 
persons  coming  on  board 
and  departing  from  the 
ship. 


Petty  Officer,  to  the 
Duty  Officer. 


Nuclear  Weap- 
ons Security 
Area  Armed 
Guard 


II 


Topside  Sentry  The  Topside  Sentry  is  a The  Topside  Sentry  re 
qualified  petty  officer  ports  to  the  Petty 
or  ncnrated  enlisted  Officer  of  the  Deck, 
man  who  assists  the 
Petty  Officer  of  the 
Deck  In  ensuring  the 
external  security  of 
the  ship. 


To  ensure  the  security 
of  all  nuclear  weapons 
when  stored  below  deck 
or  when  being  loaded  o 
offloaded. 


s*HyK,  ■VJ’V.  f->i  Wft 


DUTIES,  RESPONSIBILITIES,  AND  AUTHORITY 

abnormal  changes  in  conditions  noted  in  hourly  checkoff  list  entries;  any  sound  of  running 
water  or  escaping  air,  the  improper  operation  of  any  machinery,  or  smells  of  smoke,  gas, 
or  fuel;  any  casualties  to  personnel  or  machinery;  changes  in  depth  gage  and  trim  readings; 
abnormal  conditions  during  battery  charge. 

Give  alarm  in  the  event  of  disorder,  fire  or  other  emergency. 

Ensure  that  bilges  are  pumped  when  necessary  and  that  sanitary  tanks  are  blown  when  they 
become  half  full. 

Keep  himself  Informed  of  the  operating  status  of  all  machinery. 

Inspect  bilges  from  the  lower  flats. 

Inspect  torpedo  security  bands  and  torpedo  tube  locking  devices  on  all  tubes  containing 
Aii OR,  visually  examine  the  intagrity  of  the  pneumatic  alarm  assemblies,  and  verify  the 
alertness  of  the  torpedo  room  watch  at  random  intervals  not  to  exceed  one-half  hour. 

Check  all  ship's  safes  locked  shut  at  the  commencement  of  liberty. 


r of 
pnslble 
'Chief 
J the 
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Table  III-A-16  SSBN  Mission  Segments , Crew  Operations,  and  Relevant  Bills 


MISSION  SEGMENT 


MAJOR  CREW  OPERATIONS 


Prepare  to  Go  to  Sea  May  include  dry  docking  (nominally  every  18  months). 

(30-day  time  period)  Crew  change  (4  days)  includes  equipment  maintenance  during  this 

time. 

Equipment  maintenance,  alignment,  replacement. 

Support  load  out. 

May  Include  an  In-port  operation/safety  examination  (nuclear 
weapons,  administration,  engineering,  etc). 

Sea  trial  period  (6-7  days) 

Check  equipment  operation. 

Train  crew  members. 

Final  maintenance  and  supply  load  out  (3  days). 


Maneuvering  Watch  - 


l=aa 


(about  a 2 hour  time 
period) 


Surface  Transit 


(length  of  time  is  de- 
termined by  time  to 
travel  to  submergence 
point) 


Complete  deployment  checkoff  list. 

Maneuvers  away  from  tender  or  pier  into  channel  or  open  water. 


Normal  underway  watch  except  for: 

Contact  Coordinator  if  sufficient  contacts  (ships)  warrent 
(officer  in  Control  Room) 

Radar  Operator 

Navigator  or  Quartermaster  Chief  to  assist  QMOW  in  piloting 
problem 

Rig  for  dive  (checklist) 

Enter  compensation  (trim) 


mi 


Propulsion 
Snorkel  BIT 
Rig  for  Dlvi 
Battle  B11T; 
Ventilatloni 
Cold  Weathej 
Reduced  VI  si 
Rescue  and  j 
Interior  Col 
Navigation  i 
All  Emergeni 


. jll ' 


I 


$vationst  and  Relevant  Bills 


jj— - — - 

IPERATIONS 

5 

RELEVANT  BILLS 
(*  indicates  mandatory) 

.- 

|y  every  18  months). 

Ul pment  maintenance  during  this 

i 

% replacement. 

It:.. 

if.- 

^safety  examination  (nuclear 
|lngt  etc). 

t 

(u. 

£." 

( 

P- 

t 

1 out  (3  days). 

£ 

\ 

1 

[■ 

Snorkel  Bill* 

Cold  Weather  Bill 

Interior  Communications  Bill* 

Repel  Boarders/Sneak  Attack  Bill 

Security  from  Unauthorized  Visitors  Bill* 

Ventilation  Bill* 

Dry  Docking  Bill 

Rescue  and  Assistance  Bill 

General  Emergency  Bill 

Collision  Bill 

Flooding  Bill 

Toxic  Gas  Bill 

Fire  Bill 

Missile  Emergency  Bill 

Passive  Defense  Bill 

Reduced  Electrical  Power  Bill* 

Man  Overboard  Bill 

Ship  Destruction  Bill 

Abandon  Ship  Bill 

ASTOR  Emergency  Bill 

r 

*• 

jy*  Into  channel  or  open  water. 

i 

1 

1 

1 

Maneuvering  8fll*  • 

Propulsion  Bill* 

Snorkel  Btll 

Battle  Bill 

Ventllatton  Bill* 

CoTd  Weather  Bill 

Reduced  Visibility  Bill 

Rescue  and  Assistance  Bill 

Interior  Communications  Bill* 

Repel  Boarders/Sneak  Attack  Bill 

Navigation  and  Piloting  Bill* 

All  Emergency  Bills 

pt  contacts  (ships)  warrent 

Propulsion  Bill* 

Snorkel  Bill 

Rig  for  Dive  Bill* 

1 

Battle  Bill 

I 

Ventilation  Bill* 

If  to  assist  QMOW  In  piloting 

Cold  Weather  Bill 

Reduced  Visibility  Bill 

ft 

[ 

Rescue  and  Assistance  Bill 

Interior  Communications  Bill* 

Navigation  and  Piloting  Bill* 

All  Emergency  Bills 
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TaMe  TII-A-15  ( Concluded ) 


MISSION  SEGMENT 

MAJOR  CREW  OPERATIONS 

Submerge 

(10  - 15  minutes) 

Secure  snorkel ing. 

Secure  ventilating. 

Submerge  the  ship. 

Obtain  satisfactory  trim. 

* ' 

Diving  i 
Propuls: 
VentllaE 
Cold  We 
Interlo 
All  Erne 

Non-alert  Transit 

Crew  training. 

Transit  to  patrol  area  assigned. 

Rig  for  patrol  quiet. 

May  include  a scheduled  security  check  (number  of  personnel 
involved  would  be  less  than  Battle  Station  Torpedo  but  more 
than  normal  underway  watch). 

Propuls? 
Snorkel 
Silent 
Depth  G 
Battl e 
Ventlla 
Air  Rev 
Cold  Wei 
Interld 

(1  to  0 days) 

Alert  Period 

Maintain  continuous  communications  coverage. 

Crew  training. 

Required  maintenance. 

Remain  undetected,  submerged,  within  assigned  area. 

May  include  a scheduled  security  check. 

Propul  si 
Snorkel? 
Silent  ( 
Deep  Suj 
Depth  Cl 
Battle  1 
Ventllai 
Air  Rev; 
Cold  Wej 
InteriOi 
Repel  Bi 
Escape  ) 
Towing  | 
Hell cop 
All  Erne 

(70  days  minus  transit 
time) 

Non-alert  Return 

Crew  training  (If  ORSE-Operation  Reactor  Safeguards  Exam). 
Transit  to  port  by  assigned  areas. 

■ 

Transit 

(1  to  3 days) 

Surface 

Surface  the  ship. 

Shift  to  ventilating  outboard. 

Surfact 
Propuls 
Ventlla 
Cold  We 
Interlo 

(1-5  minutes) 

Surface  Transit  Return 

Rig  for  surface. 

Same  special  watch  requirements  as  egress  transit. 

May  include  the  at-sea  transfer  of  an  examination  board, 
return  to  an  assigned  exercise  area,  and  conducting  an  opera- 
tional exam  (2  days). 

Same  a; 

(time  Is  variable) 

Maneuvering  Watch  - 

Maneuver  from  channel  alongside  tender  or  pier. 

Same  at 

Return 

(1  to  2 hours) 

1 
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ITERATIONS 

RELEVANT  BILLS 
(*  indicates  mandatory) 

tv 

\ 

t 

% 

1‘, 

L 

f 

Diving  Bill* 

Propulsion  Bill* 

Ventilation  Bill* 

Cold  Weather  Bill 

Interior  Communications  Bill* 

All  Emergency  Bills 

i 

; 

P/ 

fc 

? check  (number  of  personnel 
|e  Station  Torpedo  but  more 

f 

Propulsion  Bill* 

Snorkel  Bill 

Silent  Running  Bill* 

Depth  Charge  Bill 

Battle  Bill 

Ventilation  Bill* 

Air  Revitalization  Bill 

Cold  Weather  Bill 

Interior  Communications  Bill* 

r 

coverage. 

i 

jj:h1n  assigned  area. 

| check. 

i 

1 

Propulsion  Bill* 

Snorkel  Bill 

Silent  RunnVig  Bill* 

Deep  Submergence  Bill 

Depth  Charge  Bill 

Battle  Bill 

Ventilation  Bill* 

Air  Revltallzatton  Btll* 

Cold  Weather  Bill 

Interior  Communications  Bill* 

Repel  Boarders/Sneak  Attack  Bill 

Escape  Bill 

Towing  Btll 

Helicopter  Transfer  Bill 

All  Emergency  Bills 

| Reactor  Safeguards  Exam). 

B * 

Same  as  leaving  port  except  REMOVE:  Rig  for  Dive/Surface  Bill 

!■ 

Surfacing  Bill* 

Propulsion  Rill* 

Ventilation  Bill* 

Cold  Weather  Bill 

Interior  Communications  Bill* 

( 

Same  as  Port  Exit  except  ADD:  Towing  Bill 

ns  egress  transit. 

iflf  an  examination  board, 

*ea,  and  conducting  an  opera- 

lender  or  pier. 

r 

i 

Same  as  Maneuvering  Watch  (Exit)  except  ADD:  Towing  Bill 

L 
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b.  Administrative  Structure  - The  administrative  structure  on 
the  SSBN  is  distinct  from  the  watch  structure  and  serves  a differ- 
ent purpose.  The  administrative  structure  consists  of  various 
administrative  departments  with  an  officer  in  charge  of  each  and  it 
serves  the  basic  purposes  of  controlling  personnel  matters,  prepara- 
tion and  submittal  of  various  equipment  and  personnel  reports,  and 
maintenance  of  ship’s  equipment.  The  watch  structure,  by  way  of 
comparison,  serves  the  basic  purpose  of  operating  the  submarine  as 
it  performs  its  mission.  The  Administrative  Structure  for  the 
baseline  SSBN  is  shown  in  Figure  III-A-18. 

c.  Operational  Analyses  - To  facilitate  an  understanding  of  crew 
functions  and  operations,  the  nominal  mission  of  the  baseline  SSBN 
was  divided  into  10  identifiable  segments.  These  mission  segments, 
their  approximate  time  requirements,  and  the  major  crew  operations 
and  relevant  Bills  for  each  segment  are  identified  in  Table  III-A-15. 
Table  III-A-15  thus  provides  an  overview  of  the  major  crew  operations 
involved  in  a nominal  SSBN  mission. 

The  specific  crew  responsibilities  and  activities  involved  in  operat- 
ing the  SSBN  in  nominal  and  casualty  modes  are  outlined  in  the  Ship  'a 
Operating  Froaedures  (SOP).  These  operations  are  written  in  the 
form  of  Operational  and  Emergency  Bills  and  their  purpose  is  to  provide 
guidance  for  the  execution  of  crew  functions.  Table  III-A-16  through 
Table  III-A-23  were  developed  from  an  analysis  of  various  Bills  and 
interviews  with  submarine  personnel  to  delineate  the  crew  tasks  and 
responsibilities  for  the  major  ship  control  functions  of  diving, 
surfacing,  snorkeling,  propulsion,  ventilation,  battle,  and  general 
emergency.  Each  table  identifies  the  specific  personnel  involved 
in  accomplishing  a function  (Bill),  their  command  responsibilities, 
actions,  and  communication  responsibilities.  The  numbers  shown  in 
parentheses  for  each  action  or  communication  task  identify  the  rel- 
ative sequence  of  tasks  for  each  crew  member. 
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COMMAND  DEPARTMENTS 


OPERATIONS 

1.  Preparation  of  OpPlans. 

2.  Intelligence, 

3.  Communications. 

4.  Visual  Search. 

5.  Electronic  Search. 

6.  Electronic  Countermeasures. 

7.  Issue  and  Control  of  CMS  dis- 
tributed publications. 

8.  Operational  Evaluation. 

9.  Operation,  Maintenance  & Repair 
of  assigned  Electronic  Equipment. 

10.  Photography. 

11.  Department  Training. 

12.  Postal  matters. 


SUPPORT  DEPARTMENTS 


1. 

2. 

3. 

4. 

5. 

6. 


SUPPLY 

1.  Procurement,  storage  and  issue 
of  repair  parts  and  consumable 
supplies. 

2.  Operation  of  the  General  Mess. 

3.  Admin,  of  Monetary  Funds. 

4.  Department  Training. 


1.  Operation,: 
of  Missile 
Fire  Contr 
and  assocf 
Control  sy 
munition, 
equipment 
above. 

2.  Deck  Seama 

3.  Maintenanc 
hull. 

4.  Handling  a 
and  pyrot* 

5.  Accountabl 
Nuclear  Vl< 

6.  Departmenl 


NAVIGATION 

1.  Navigation  & Piloting. 

2.  Operation,  Maintenance  & Repair 
of  Navigation  and  assigned 
Electronic  Equipment. 

3.  Department  Training. 


I Figure  III-A-18  SSBN  Actminiatmtive  Structure 


ADMINISTRATIVE  ORGANIZATION 


COMMAND  DEPARTMENTS 


TIONS 

WEAPONS 

ENGINEERING 

f OpPlans. 

1.  Operation,  Maintenance  & Repair 

1.  Operation,  Maintenance  & Repair 

of  Missile,  Launcher  & Missile 

of  propulsion,  reactor  and 

IS. 

Fire  Control  systems.  Torpedoes 

electrical  installations,  Auxil- 

i. 

and  associated  launch  & Fire 

iary  and  Atmosphere  Control 

larch. 

Control  systems,  small  arms  & am- 

Equipment. 

luntermeasures. 

munition,  and  of  Electronic  & test 

2.  Damage  Control. 

itrol  of  CMS  dis- 

equipment  associated  with  the 

3.  Repair  of  Hull. 

icatlons. 

above. 

4.  Maintenance  & Repair  of  Under- 

‘valuation. 

2.  Deck  Seamanship. 

water  Fittings. 

lintenance  & Repair 

3.  Maintenance  of  ship's  exterior 

5.  Propulsion  Plant  Water  Chemistry 

■lectronic  Equipment. 

hull. 

& Radiochemistry. 

4.  Handling  and  stowage  of  explosives 

6.  Accountability  and  control  of 

•aining. 

and  pyrotechnics. 

radioactive  material. 

‘S. 

5.  Accountability  & custody  of 

7.  Department  Training. 

Nuclear  Weapons. 

8.  Radiological  controls. 

6.  Department  Training. 

9.  Passive  defense. 

10.  Radiac  equipment. 

SUPPORT  DEPARTMENTS 


sue 
t>l  e 

ss. 


r_  I 

MEDICAL 

1.  Treatment  of  Sick  & Wounded. 

2.  Health,  Sanitation  & Hygiene. 

3.  Atmosphere  Analysis. 

4.  Personnel  Dosimetry  & medical 
aspects  of  radioactivity. 

5.  First  Aid  & Safety  Instruction. 

6.  Department  Training. 


iture 


£ 
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• The  rtj  tor  dhm  shall  be  broken  only  with  the  permission  of  the  Commemlng 
IMIcar,  and  he  shall  ha  Informed  whan  tha  rig  lor  diva  has  bean  restored.  Whan 
•effected,  authorised  departures  Iran  the  rig  lor  diva  will  be  checked  by  an  officer 
and  nparted  eheOsd  to  tha  Chiad  ft  tha  Watch  who  will  in  turn  report  to  tha  000, 
the  Hving  Officer  and  tha  Commanding  Officer. 


GENERAL  I (FORMATION 

. M Whan  underway,  man  will  not  to  permuted  on  the  brM 
permission.  The  number  of  men  on  the  bridge  will  be  kaptj 
Personnel  going  to  the  bridge  will  obtain  permission  trom  tl 
Chief  of  the  Watch  before  proceeding  to  the  bridge.  They  a 
fvjm  the  000  before  laying  below  and  shall  artrise  the  ChW 
reaching  Control.  Personnel  will  not  be  permitted  on  tap  d 
superstructure  or  on  the  mein  deck  when  underway,  with*! 
Officer's  permission. 


Table  III-A-16  Rig  for  Dive /Surface  Bill 


Person  no! 

Command  Responsibilities  / General  information 

Actions  (CAD  Operations,  Inspb 

000 

Riving 

Officer 

L.  Ensure  that  a currant  Rig  lor  Ohm  status  sheet  is  properly  completed  and 
filed  together  with  a list  of  rig  lor  dive  discrepancies  in  the  Diving  Book. 

2.  Designated  guallfled  officers  to  carry  out  tha  provisions  af  this  bill  an  a 
comport  mart  or  compartment  level  by  level  basis. 

X Calculate  the  compensation  end  cause  the  compensation  to  be  entered  as 
part  of  the  Rig  for  Dive  procedure.  The  completed  compensation  worksheet 
signed  by  the  Diving  Officer  will  be  Iliad  In  the  Diving  Book. 

4.  Ensure  action  is  being  taken  to  expeditiously  correct  ill  Rig  lor  Dive  discnpendes. 

X Report  to  tlw  Commanding  Officer  and  Officer  ol  the  Deck  when  the  ship  has 
keen  Rigged  for  Dive  and  compensated  - or  Rigged  lor  Surface.  Alt  discnpendes 
wlH  Bo  reported  at  this  time. 

4.  Maintain  commitment  Rig  for  Dive  end  Rig  for  Surface  check  a If  lists  complete 
and  properly  posted. 

Seniar  Petty 
Officer  On 
fetch  In 

Each 

Campartmant 

L Be  responsible  for  the  expeditious,  correct  rig  for  dive  In  each  compartment 
ensuring  that  designated  petty  officers  personally  rig  each  Hem  against  tha  posted 
compartment  Rig  for  Ohm  Check  a If  List 

Qualified  petty  officers,  as  designated  by  the  seni 
each  compartment  or  compartment  level  (if  in  port  a g 
Duty  Officer)  will  carry  out  the  provisions  of  the  rig  i 
in  each  compartment  or  compartment  level.  The  choi 
fever  trust  your  memory.  An  individual  level  "will  m 
petty  officer  actually  performing  the  rigging  of  the  CM 
report  completion  to  the  COW  (end  the  EOOW  if  the  a 
engineering  spaces)  along  with  any  disc'-  mcies.  Ir 
the  Rig  tar  Dive  Status  Sheet 

Officers 

Off  ice  rs  designated  by  the  Diving  Officer  will  per 
compartment  against  the  check-off  list  Each  compart 
checked  by  one  officer.  The  check-off  list  will  be  cat 
checked. 

COW 

L Receive  reports  of  rig  for  dhm  (surface!  and  officer's  check  of  Rig  fa  Dive. 

2.  Be  responsible  fa  maintaining  an  accurate  status  of  Rig  for  Dive  (surface!  in 
the  Central  Room  Rig  for  Diva  Status  Board.) 

X Maintain  tha  Rig  la  Dive  (surface)  stilus  short  and  an  up-to-drte  die  regency  list 

4 Report  to  the  Diving  Officer  when  the  ship  has  been  rigged  tar  dhm,  checked,  end 
tomponsato4  including  ill  dormancies. 

The  Chlrt  ft  the  Wrtch  will  order  the  following  i 
receiving  permission  of  the  OOD. 

L Teat  operation  of  the  falnrater  and  stem  planes 

2.  Test  Mow  main  ballast  tanks  (normalh  test  emoff 

In  accordance  with  COMSUBIANTINST  0510Qi7. 

X Secure  sir  to  the  whistle. 

4 Test  bridge  access  hatch.  First  shut  the  outbec 

X Enter  tha  compensation. 

4 Raise  end  tower  masts. 

Duty  Chief 

Peffy  Officer 

t 

In  Rot 

1 

Immedrtety  altar  salting  the  !n-Port  Watch,  the 
company  wKh  the  Below  Decks  Wrtch,  shell  inspect  t 
rath  cwpcftment  and  report  the  results  of  the  imps 

An  AudKaryman  will  install  the  Main  Ballast  Ta 
to  the  Duty  Officer  when  the  vent  covers  have  been  1 
pert  the  'Main  Bel  lest  Tank  VENT  COVERS  INSTALLED 

1 :f*.-  '<  jj.-iy.t'i}**. tf<W  il-Wf**':-:' 


GtNDtAL  I (FORMATION 

^ nan  will  not  t»  ptnaltted  on  tho  bridge  without  tho  000's 
Mar  of  mtn  on  tho  bridge  will  be  kept  to  a minimum, 
ho  bridge  will  obtain  permission  from  tho  000  through  tho 
pore  proceeding  to  tho  bridge.  They  shall  obtain  permission 
pplng  below  and  shall  advise  the  Chief  of  the  Watch  upon  - 
personnel  will  not  be  permitted  on  top  of  the  sail,  within  the 
I the  main  dack  when  underway,  without  the  Commanding 


Actions  IC4.D  Operations,  Inspections,  Recordings,  Etc.) 


Communication  Responsibilities 


When  ordered  by  the  Commanding  Officer,  the  Officer  of  the  Deck  will  have  the 
Chief  of  the  Watch  pass  the  word  on  the  1MC,  ‘RIG  SHIP  FOR  DIVE  (SURFACE)'.  'RIG 
SHIP  FOR  DIVE  (SURFACE)'. 


When  the  ship  has  been  rigged  for  dive,  checked,  and  compensated  tor  rigged  for 
aurfaoat.  the  ship's  Diving  Officer  will  report  to  the  Commanding  Officer  and  OOO, 
'TIC  SHIP  IS  RIGGED  FOR  DIVE  (SURFACE)'  enumerating  any  exceptions. 


officers,  as  designated  by  the  senior  petty  officer  of  the  watch  in 
or  compartment  level  (if  in  port  a qualified  petty  officer  designated  by  the 
II  carry  out  the  provisions  of  the  rig  for  dive  (surface)  check-off  list  pasted 
(merit  or  compartment  level.  The  check-off  list  must  always  be  used. 
r memory.  An  individual  leveTwill  not  be  split  between  petty  officers.  The 
fly  performing  the  rigging  of  the  compartment  or  compartment  revel  wiM 
n to  the  COW  (and  the  EGOW  if  the  ccmpar  nent  rigrjd  is  in  the 
on)  along  with  any  discrepancies.  In  addition.  he  will  personalty  sign 
Status  Shoit. 


naiad  by  the  Diving  Officer  will  personally  check  each  item  in  the 
nst  the  check-off  list  Each  compartment  or  compartment  level  wh.  be 
alficar.  The  check-off  list  will  be  carried  in  hand  as  each  item  Is 


2.  Report  directly  to  the  Chief  of  the  Watch  when  the  rig  for  dive  Is  completed, 
enumerating  all  excaptions. 
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a)  The  Wvlng  wcMton  will  la  perton wed  an  a (action  basil  and  will  normetty 
la  a dWtoereta  dhe  Iroi  a 'stratohf  board*.  condition.  Just  prior  to  tha  diva,  *hc 
j Officer  f*  an  officer  aiithorlzad  by  him  will  roilavo  tha  Otfletr  of  tha 
receiving  ait  Information  specified  In  U.  S.  Navy  Regulations  and  Indlcato 
raM  l)r  stating  throat  tha  aarlvofx  stand  1 ralima  you  as  Ofticar  of  tha  tort*. 
Whan  tfractad  to  ipr  below,  tha  jin.t  rallavad  Ofticar  of  tha  Dock  will  rig  tha 
brtdffi  for  dhrt.  ansura  all  hands  ire  batow.procaad  to  tha  bridg*  access  runk  and 
with  tha  aid  of  tha  lookout  shut  and  dog  tha  upper  hatch.  On  arriving  In  Control, 
ha  wtU  report  to  too  Officer  of  tha  Dock,  'Last  man  down,  hatch  sacured. ' Ha  will 
laaaati  tha  Diving  Officer  of  tha  Watch  unless  another  DOOW  has  bean  assigned. 
Tha  Officer  of  tha  Dock,  having  received  tha  'straight  board*  report  from  tha  Chief 
of  the  watch,  will  order  tha  Diving  Ofticar  to  sound  tha  diving  storm. 


Table  III-A-1 7 Diving  Bill 


II  The  signal  to  dhra  tha  ship  rfH  be  tom 
‘DIVE,  DIVE*  paralleled  on  tha  1MC.  TMfl 
I an  tha  second  blast  cf  thj  alarm;  N the 
action  wIN  be  taken  on  tha  second  'Diva'. 

cl  In  theae  cases  where  a quick  diva  Is  m 
emergency  or  as  an  (unscheduled)  evolution,  thjfl 
dhe  ay  ordering,  'CLEAR  THE  BRIDGE,  CLEAR  rfl 
'DIVE.  DIVE'  on  tha  LMC.  Tha  bridge  watch  wf 
profdmtty  to  tha  hatch  except  that  the  Officer  of 
to  socu't  tho  upper  hitch  with  the  Assisfenc*  d 
On  arriving  in  Comtrol,  th*  Officer  of  the  Deck 
Officer  of  the  Watch,  submerge  the  ship  to  120 1 
order  ell  mastsiantennas/peristopes  lowered,  Hal 
as  Ofticar  of  the  Deck  as  expeditiously  as  poulbti 


Commend  ResponsIbllHlB  I Cenerel  Information' 


Actions  ICflTg 


000 


L la  cognisant  of  the  state  of  the  ship's  'Rig  for  Dlvt'.  Ones  so  riggod,  ho 
than  not  permit  N to  be  broken  without  tho  specific  permission  of  tho  Commending 


t Ke*  himself  aware  of  the  d^th  of  water  vd  know  tha  numbar  and  status 
ef  aN  parsonnaf  topside. 

1 Except  In  an  emergent1,  ensure  that  tha  briffie  and  bridge  equipment  are 
secured  far  dhe. 


. L Secure  the  upper  bridge  hatch  1 
t N Is  seated  end  dogged  completely. 


2.  Proceed  to  ordered  depth  smartly 
has  been  ordered,  proceed  to  120  feet,  di 
down  angle  to  acquire  the  ordopi 

When  * the  ordered  depth  and  vHtjj 


FEET,  TRIM  SATISFACTORY1. 


assume  speed  control  by  giving  a speed  orq 
central  remains  with  the  OCD. 

4.  When  alt  compartments  have 
phenes  secured. 


% 


COW 


In  mi  emergency,  whan  the  000  is  incapacitated,  the  COW  will  ad  as  DOOW. 


L When  ordered,  or  on  the  second 
Shut  outboard  ventilation  oxhaust 
Press  'Snorkel  Shutdown'  pushdown 
Socuro  tho  low  pressure  btowor.  j 
Turn  haodvalvo  control  switch  to  ctaof 


1 

wnl 


Ptoce  two  hydraulic  pumps  In  RUN.  1 
film  satisfactory. 

X On  second  blast  of  diving  atormi 

Open  ail  mein  vents  and  report,  'AM  I 

lower  all  masts  unless  otherwise  dlrw 
the  DOOW. 


At  SO  (eel  shut  ell  vents  end  report  I 

When  at  ordered  depth  , and  with  perd 
cycle  the  main  vents,  one  group  d a timti 
ventilation  systems  are  lined  up  properly  II 

Pump  or  flood  varitole  tanks  ss  order 


When  a satisfactory  trim  is  obtained, 


Cine  quick  dve,  the  COW  will  opil 
dMng  atorm  and  ad  as  DOOW  until  relimfj 
obtained  by  the  time  th*  ship  reaches  4S  I 
the  vents  end  preparing  to  blow  mein  batt^ 


L Tike  control  of  tho  stern  plants  4 
the  planes  In  normil  power. 


X Observe  proper  funrtionlng  of  all  ] 
aMpnUon  to  normal  end  cmeigency  plane  I 

1 Proceed  with  ordered  angle  to  or<j 


ugcmram 


i tow  the  thlp  Mill  be  two  Mists  on  the  diving  alarm  wtth  the 
iparatioM  on  tin  iMC.  Tho  main  ballast  tmk  vents  will  to 
ji  Most  o»  tho  alarm;  I tho  doing  Morn  Owe  not  sound,  this 
i«n  tho  second  'Olvo'. 

|M  whoro  a quick  dvt  It  executed  from  tho  brltfco  olthor  in  on 
[(unscheduled!  evolution,  tho  Offlcor  ot  tho  Dock  will  initiate  the 
MAR  THE  BRIDGE,  CLEAR  THE  BRIDGE,  and  passing  the  word, 
s IMC.  Tho  bridge  witch  will  clear  the  bridge  In  order  of  their 
feh  except  that  the  Officer  of  the  Deck  shall  be  the  last  in  order 
thatch  with  tho  Assistance  of  the  next  to  the  last  man  down. 

|rto,  the  Officer  of  the  Dock  will  become  additionally  the  Diving 
i»  submerge  the  ship  to  120  feet,  depth  of  water  pormittting,  and 
jnnrs/perlsccpes  lowered.  He  will  be  relieved  of  the  Conn  and 
dk  as  expeditiously  as  possible  dependent  on  tho  circumstances. 


p Ship's  hyfraulk  power  can  bo  loot  because  of  either  an  electrical  power 
ttoture  or  a mtofuiwtion  of  the  hydraulic  plant.  Except  In  the  case  of  mijor  damage 
ke  the  ship,  hydraulic  accumulators  will  remain  sufficiently  charged  after  loss  of 
, ' wuHc  power  for  the  ship  to  execute  a normal  dive  or  surfacing.  When  hydraulic 
paear  la  lost  and  hydraulic  accumulators  are  bled  down,  however,  members  of  the 
on-waOch  section  shall  perform  additional  dudes  as  prescribed  heroin  In  order  to 
#«  the  ship  bp  hqnt 


tho  upper  bridge  hatch  with  the  aid  of  tho  lookout,  making  certain 
and  dogged  completely. 


to  ordered  depth  smartly  end  obtain  1/3  speed  trim.  If  no  depth 
proceed  to  120  feet,  depth  of  water  permitting.  Use  the 
angle  to  acquire  the  ordered  depth  smartly. 

M the  ordered  depth  and  with  a satisfactory  1/3  speed  trim  report 
TRIM  SATISFACTORY’.  (At  any  time  prior  to  this,  the  OOD  may 
Bhtroi  by  giving  a speed  order  to  the  helm).  After  this,  speed 
t with  (he  OOD. 

compartments  have  reported  'CONDITIONS  NORMAL',  order  JA 


L When  a straight  board  Is  obtained,  end  the  OOD  so  orders,  order  the  COW 
to  pass  the  word,  'DIVE,  DIVE'  on  the  IMC,  and  sound  two  bints  on  the  diving 

atom. 


Pass  tha  word  on  the  IMC  'DIVE,  DIVE'. 

2.  Report  to  the  000  whan  tonight  board  is  cottoned,  or 


report  tosenpondes. 


itrol  of  tho  stern  planes  el  the  outboard  control  station  and  tost 
irmal  power. 

proper  functioning  of  ell  Instrumentation,  paying  particular 
net  and  emergency  plena  Indication  and  depth  Indication. 

with  ordered  angle  to  ordered  depth  as  directed  by  the  DOCW. 


2.  Report  to  tho  DOCW,  'STERN  PLANES  TESTED  SATISFACTORILY1,  or  report 


* 


fca-fe'jA-a  i At.-, 


Nnormal 


Table  III-A-17  ( Concluded ) 


Comment  ResponsIMtfflos  I General  Information 


AelK  (CM  Operations,  Into 


L Assist  in  rigging  dot  lor  dive  and  In  dogging 

2.  t record  to  th»  loer  *»*l  ol  th*  Operations 
sbeweri,  headt,  and  craw'.  worthing  araa  for  flooding  or 
MUng  inspection,  man  JA  phonos  in  Croat's  berthing  tree, 

1 Secure  the  phones  whan  so  ordortd  by  Control 
to  wsume  the  Lm  Helmsman  Watch. 


L Retain  hit  normal  station  at  the  inboard  control : 
control  of  fai  neater  fwt  planes. 

2.  On  the  second  blast  at  the  diving  alarm,  ring  up 
redd*  amidships;  shift  FW  pianos  to  normal  power  in  two 
ptanes  and  then  place  on  full  dive.  Report  to  the  DOOW, 
TES1E0  SATISFACTORILY1. 

X Observe  proper  functioning  ol  all  Instrumentation 
Wtontfen  to  normal  and  emergency  plane  Indication  and 

L Control  FW  Manes  to  rooch  and  maintain  order ed 
•OOW.  Whan  at  ordered  depth  steer  the  previously  or 


L Secure  the  low  pressure  Mower. 

L Shut  the  Inboard  induction  and  Inboard  ventilation 
autooord  Inetoictiovt  valves  when  thay  indicate  shut  Ch 
tow  pressure  blow  stops.  Uno  up  ventilation  to  radreu 

1 Chock  shut  tho  head  valve  operation  air  hull  and 


L Proceed  to  tho  vicinity  of  the  BCP  to  bo  reliable 
OMng  Offfcar  of  tho  Watch  or  Chiaf  of  tho  Watch. 

2.  Be  prepared  to  assist  tho  Navigation  Cantor  Su 
tonnes,  carry  out  the  provisions  of  hi*  lutles. 


L Assist  in  rigging  tho  bridge  to,  dive  as  directed 

2.  Stantoy  the  tower  hatch,  and  Whan  the  last  man  f 
Cantor,  shut  and  dog  the  tower  hatch,  reporting  R secure^ 

3.  Secure  the  searchlight  and  running  light  circuitsij 

reaches  45  feet,  secure  the  1C  circuits  to  the  bridge  if  ml 
Auxiliary  Electrician  Forward.  ? 


L RamtM  tha  1C  sultcaii  from  tha  bridge  when 
X Proceed  to  the  Control  Center  upon  the  first  btod< 
1 Secure  eft  1C  circuits  to  the  bridge  when  the  OOI 
L When  erdsred  or  on  the  second  blast  of  the  dMngj 
J.  SWfl  the  Radar  andfor  ECM  to  the  Standby  nodi  a 


L On  the  lint  Mast  of  the  dhrtng  atom,  caau  tran 


L On  tha  sacond  Mast  of  tha  diving  alarm,  secure  I 
running,  shut  the  lutboard  engine  exhaust  valve,  and  rd 
2JV  whan  tha  Inboard  angina  axhaust  valve  Is  shut  and  % 
eaheust  valve  is  shut  and  locked. 

2.  Rig  dtosel  engine  and  associated  systems  for  non 
Hi  accorrtonce  with  Engineering  Deportmont  Operating  Piti 


L Shut  tho  inboar,'  r r.jifi  OT'  ust  /live,  lock  thei 
vdtoe,  report  camplotion  to  tho  Diesel  Generator  Watch. 

2.  Assisi  Dfosal  Gererator  Watch  as  pr.ttlcabto. 

X Una  up  vantilatlon  system  In  AMR  I’  to  ncirtul 


L On  the  first  Mast  of  tha  diving  alarm,  procaod  to 
tunnel  and  man  the  2JV  phones. 

t Observe  the  Reactor  Compartment  through  tha  vf 
rwort  *ny  abnormal  conditions  to  Maneuvering. 


L Check  the  pantry,  wanboom,  officer  staterooms, 
flooding  or  ether  abnormal  condtions. 


V,  Cn  the  second  blast  of  tho  diving  alarm,  canmdl 
tor  flooding  or  other  abnormal  conditions.  j 

2.  In  case  of  flooring  shut  bulkhead  flappers  and' 
Control  by  fastest  miens  and  rig  compartment  for  etoHal 


Actions  (CM  Operations,  inspections,  Rttordngs,  Etc.) 


p|lng  tho  bridge  ter  dive  end  In  dogging  the  bridge  hitch. 

tM  lower  level  oftne  Operations  Comportment  end  Inspect  the  crew'* 

I crew's  berthing  sreo  for  flooding  or  other  ebnormel  conditions.  After 
Man  JA  phones  In  crew's  berthing  ore*. 


phones  when  so  ordered  by  Control  and  proceed  to  the  Control  Room 
lelm  sm an  Watch. 


normal  station  at  the  Inboard  control  station  end  prepare  to  take 
4FW)  pianos. 


ltd  blast  of  tho  diving  ilerm,  ring  up  Ahead  2/J  speed  and  put 
MR  FW  planes  to  normal  power  in  too  station  control.  Test 

Bon  full  dive.  Report  to  the  DOOW,  TAIRWATER  PLANES 

nr. 


par  functioning  of  all  Instrumentation,  paying  particular 
tend  emergency  plan*  indication  and  depth  indication. 

wanes  to  reach  end  maintain  ordtred  depth  as  directed  by  the 
prod  depth  steer  tho  previously  ordered  course. 


pm  pressure  Mower. 


Induction  and  Inboard  ventilation  exhaust  and  the 

shut  the  ballast  tank 


RMves  when  they  indicate  shut.  Check  s 
laps,  line  up  ventilation  to  recirculate. 


the  head  valv*  operation  air  hull  and  backup  valves  (41. 


ra  vicinity  of  the  BCP  to  be  available  for  orders  from  the 
Watch  or  Chief  of  the  Watch. 


fto  assist  the  Navigation  Center  Supervisor,  and  In  his 
the  provisions  of  his  duties. 


^plng  the  bridge  for  dive  as  directed  by  the  Officer  of  the  Dock. 

t tower  hatch,  and  When  the  last  man  has  entered  the  Control 
j|  the  tower  hatch,  reporting  H secured  to  the  OOO. 

[searchlight  end  running  light  circuits.  Before  the  ship 
lure  the  1C  circuits  to  tlw  bridge  if  not  already  secured  by  the 
^Forward. 


►1C  suitcase  from  the  bridge  when  ordered. 

pa  Control  Center  upon  the  first  Mast  of  the  Wring  storm. 

RC  circuits  to  the  bridge  when  the  00 D roaches  the  Control  Center. 


pd  ar  on  the  second  blast  of  the  diving  alarm,  train  radar  mast  for  lowering, 
r andfor  ECM  to  the  Standby  mod*  unless  otherwise  i 


I Mast  of  the  dhrlng  alarm,  cease  transmitting. 


Mast  of  the  diving  alarm,  secure  the  diesel  engine,  if 
engine  exhaust  valve,  and  report  to  maneuvering  on 
engine  exhaust  valve  is  shut  and  the  outbaord  engine  exhaus 
and  locked. 


n*  and  associated  systems  (Or  normal  submerged  running 
ilneerlng  Department  (/paroling  Procedures. 


engine  exhaust  valve,  lock  the  outboard  engine  exhaust 
to  the  Diesel  Generator  Watch. 


1 Generator  watch  as  practicable. 

I tad  on  system  In  AMR  12  to  recirculate. 


Mast  of  the  diving  alarm,  proceed  to  the  Reactor  Compartment 
2JV  i 


Compartment  through  the  viewing  windows  and 
conditions  to  Maneuvering. 


R,  wardroom,  officer  staterooms,  showers  and  head  for 
il  condKkms. 


blast  of  the  diving  alarm,  commence  checking  compartment 
If  abnormal  conditions. 


In»  shut  bulkhead  f Uppers  and  watertight  doors,  nrttfy 
Iks  and  rig  compartment  for  collision. 


4 When  tho  above  actions  ham  bain  accomplished,  report  to  tho  Chief  of 
tha  NMch,  'OUTBOARD  INDUCTION  AND  EXHAUST  SHUT  AND  LOCKED,  INBOARD 
INDUCTION  AND  EXHAUST  SHUT,  RECIRCULATING'. 


4 Man  JA  phonos  in  Control.  Whin  at  ordered  depth,  order  comportments 
to  Itapert  conditions  on  tho  diva'. 


X Report  Wnormel  condttlons  existing  in  tho  compartment  to  Control  Immadiitety. 


4 The  phonos  will  bo  manned  as  soon  as  possible  teter  each  station  gas  determined 
that  candNons  are  normal  on  tho  diva.  If  conditions  art  norms!  report  In  order  only 
when  directed  by  Control 


m-6jj 

..jjiK-v.".!  -fitly  i - , ni 


INFORMATION 


Si  The  stpnri  to  surface  the  ship  wW  nocmafty  be  the  wort  'SURFACE,  SURFACE, 
SURFACE'  «n  the  IMC.  To  Initiate  emergency  surfacing  procedurw,  thrw  blasts  on  tho 
L dMnp  Mm  «M  ko  ssunds4  Either  signal  Is  sufficient  b surfece  (ho  ship. 


to  Asstpnment  o I control  of  tho  item  pttnos  to  tho  outboerd 
tout  rot  4 tho  holm  end  FW  planes  to  tho  Inboord  control  station 
accemplished  prior  to  surficing. 


Table  III-A-18  Surfacing  Bill 


Cemmand  Responsibility  I General  Information 


Actions  ICAO  Operations,  Inspections,  R 


L Chock  aN  writs  SHUT. 

1 Ensure  proper  lineup  4 hydraulic  pumps. 

L Position  tho  Head  Vatw  Fleet  roda  selector  witch  on 
■d  Vatw  control  switch  to  AUTO. 

4 Teat  tho  mail  ftoodao  Indicator  to  assure  satisfactory 


L Position  ro-54  (Induction  Mast  Flood  and  drain  Velvet 
was,  TO -53  In  tum.  drain  tho  Induction  moot  When  I 


drain  wives. 


L Chock  MIT  toe  pressure  Ww  system  tines  end  vend 
drain  wtoas. 

2.  Unlock  suttoard  Induction  and  eutoomd  wntllrilen 
•POWER'  position, 

).  Open  hood  vstot  air  vippty  vetoes  (4. 


L Reguest  permission  from  tho  Officer  of  tho  Dock  to 
Mtoaon  sunset  srd  sunrise  unless  at  darkened  ship,  do 
NlM  one  Submarine  Identification  light. 

t Check  bridge  access  trunk  drain  frw  of  water  and, 
pari  scope  depth,  repuest  permission  from  Officer  4 the  t 
aeons  trunk  hatch. 


I line  up  appropriated  1C  circuits. 


L Prepare  to  an  as  lookout,  sttli;d  In  proper  ctathlng 
L Hum  the  1C  hi  (tease  ready  to  take  to  the  bridpe. 


L Order,  'DIVING  OFFICER,  SURFACE  TK  SHIP,'  to 

t Order  spaed  chenpes  as  necessary. 

X Khan  the  ship  Is  on  the  surface  and  hoMng,  n obsl 
periscope,  order  the  Inboard  and  outboard  Induction  vetoed 
Is  OpuaHxed,  order  'START  THE  SLOWER  ON  AIL  MAIN  IR| 

4 Order,  'CRACK  THE  HATCH*,  (f  there  is  no  evident 
pressure  vacuum  appears  opudlzod  with  outside  stmosphea 

S.  When  report  Is  received  that  the  hatch  Is  open  and  a 
'QUARTERMASTER  TO  THE  IRIDGE'  and  'RELIEVING  OFFICE 
•RIDGE'. 


t Order,  'SLOW  THE  FORWARD  CROUP, ' and  n the  sM 
anpto,  'BLOW  THE  AFTER  GROUP'. 


X Central  ptanesman  and  helmsman  as  necessary  to  ap 
Initial  up  anpto. 

4 Whan  the  ship  Is  an  the  surface  and  hoMnp,  order 

4 Tum  the  Control  Center  Watch  ewr  to  the  Chief  al 

T.  If  the  dtotny  elfleei-  Is  to  assume  the  Dsck.  proceed 
hatch  Is  opened. 

If  another  officer  1s  to  assume  the  Deck,  remain  Ini 
opacity.  When  the  ship  Is  operating  on  the  surface, 
000,  the  supervisory  watch  may  be  secured.  ' ; 

4 Order  the  lootout(s)  to  the  bridpe,  esttollsh  commuji 

P,  When  oondRIons  per^slt,  order  planes  placed  In  nad 


14  When  rellabto  communications  haw  boon  establish! 
'I  AM  READY  TO  RELIEVE  YOU  AS  OFFICER  OF  THE  DEq 


IffORMATION 


M the  item  pines  to  the  outboard  control  station  and 
'lianas  to  tha  Inboard  control  station  arlll  normally  ba 


M (CAP  Oparatlons,  Inspactions,  Recordings,  Etc.) 


k SHUT. 

Ineup  a I hydraulic  pumps. 

Ad  Vafca  Elaetroda  salactor  switch  on  tha  ICP  A BOTH  and  th# 

Mich  to  auto. 

1 

Indicator  to  assure  satisfactory  operation. 


pressure  Mom  system  Hues  and  venUlatkm  exhaust  mast  dry.  SHUT 
A Induction  and  outboard  ventilation  exhaust  vetoes,  check  In  tha 


A K tha  DOOM  Is  not  a qualified  Off! oar  of  tha  Da&  (surfaced),  a qualified  officer 
■fit  be  present  In  Control  and  ba  prepared  to  proceed  to  tha  bridge  and  than  relieve 
the  Officer  of  tha  Deck  upon  receiving  all  the  Information  specified  In  the  U.  S.  Navy 
toapatoUms  and  Indkate  relief  by  stating,  M RELIEVE  YOU  AS  OFFICER  OF  THE  DECK'. 


Communication  Responsibilities 


L The  Officer  of  the  Deck  shall  have  the  word  passed  over  the  1MC,  'PREPARE  TO 
SURFACE.  PREPARE  TO  SURFACE'. 


3.  Receive  reports  from  the  Auidliiryman  Forward  end  the  Navigation  Cantor 
Supervisor  that  they  ere  ready  to  surface. 

k Report  HEADY  TO  SURFACE'  to  DMng  Officer  of  the  WMch  whan  all  required 


2.  Report  to  the  Chief  of  thi  Watch,  "XILIARYMAN  FORWARD  READY  TO  SURFACE'. 
Stand  by  in  COC  for  additional  orders. 


4.  Report  to  the  Chief  of  tho  Watch,  VENTILATION  EXHAUST  MAST  DRY,  OUTBOARD 
INDUCTION  AND  EXHAUST  VALVES  IN  POWER,  READY  TO  SURFACE'. 


A air  supply  vetoes  Ml. 


from  tho  Officer  of  the  Deck  to  energise  running  lights  U 
sunrise  unless  A darkened  ship.  Be  prepared  to  rig  masthead 
i Identification  light. 

t trunk  drrin  freo  of  wator  and,  after  ship  has  reached 
1 permission  from  Officer  of  tho  Dock  to  open  lower  bridge 


i *a  lookout,  attired  In  proper  clothing  end  equipped  with  binoculars. 

Idcaae  reedy  to  take  to  the  bridge. 

I 


OFFICER,  SURFACE  THE  SHIP,'  to  the  DMng  Officer  of  the  Watch. 

Ape*  • necessary. 

Is  on  the  surface  and  holding,  as  observed  through  tho 
! Inboard  and  outboard  Induction  vetoes  opened.  When  pressure 
•TART  THE  BLOWER  ON  AU.  MAIN  BALLAST  TANKS'. 

THE  HATCH'.  If  there  Is  no  evidence  of  flooding,  ond  after 
peers  equalized  with  outside  atmosphere,  order,  'OPEN  THE  HATCH*. 

received  that  the  hitch  Is  open  and  when  reedy  order, 

> THE  BRIDGE'  and  'RELIEVING  OFFICER  OF  THE  DECK  TO  THE 


X Report,  10WER  HATCH  IS  OPEN*  to  the  Officer  of  tho  Dock  and 
the  bridge  access  trunk. 


2,  Men  M phenes  to  receive  reports  and  relay  to  the  Chief  of  the  WMch. 


3.  Stand  by  tha  bridge  access  trunk  tedder  to  relay  words  to  personnel  In  the  trunk. 


L When  reedy,  report  to  the  Officer  of  the  Deck, 
IN  THE  SHIP,  READY  TO  SURFACE.' 


INCHES  PRESSURE  / VACUUM 


L Hava  the  word  passed,  'SURFACE,  SURFACE,  SURFACE,'  ever  the  1MC. 
3.  Report  to  the  Officer  to  the  Deck,  ' FEET  AND  HOLDING*. 


ItI-7 


'l 

Nfwwil 

Cemmend  Responsibilities  / General  Information 

Actions  (CAD  Operations,  Inspacttona,. 

am 

Table  I II- A- 18  (Continued) 

2.  Blow  main  ballast  tanks  as  ordered 

3.  open  the  outboard  Induction  valve  when  ordered  1 

d Check  head  valve  Indicating  open. 

3.  On  receipt  of  the  order  'START  THE  BLOWER  ON  ALL  A 
erdar  a low  pressure  main  ballast  tank  blow  by  passing  the 

ON  AU.  MAIN  BAUAST  TANKS'. 

d Check  planes  placed  In  normal  surfaced  running  posli 

7,  After  the  L P.  blower  has  been  running  for  20  mlnul 
Officer  of  the  Dock,  open  thi  L P.  blower  discharge  ventlli 
the  Mower  shifted  from  the  main  ballast  tanks  to  the  ventll 
patting  the  word  'SHIFT  THE  BLOWER  TO  VENTILATE  OUTBOl 

Nolfi  It  Is  extremely  Important  that  the  LP.  blower  ! 
requested  by  the  EOOW  since  the  main  or  auxlifl 
become  air  bound  while  blowing  up  after  surtaCN 

B.  Report  the  following  to  the  Officer  of  the  Deck  as  occtl 

Head  waive  Indicates  OPEN. 

Outboard  induction  OPEN. 

i 

(fewer  running  on  all  main  ballast  tanks. 

Main  ballast  tank  blow  compile,  ventilating  outboard  ■ 

Am.  4f  Watch 
Forward 

L Whan  ordered  to  opan  tha  Inboard  induction  valve  WH 

'V 

NMtgaUon 
Canto r 
Supervisor 

L When  ordered  to  start  the  low  pressure  blower  on  aM  If 
Opan  the  Inboard  ventilation  exhaust  valve  (ABT  251.  | 
Open  the  UP.  Mow  discharge  ventilation  axhaust  (ABTj 
Start  tha  LP.  blower  In  slow,  then  shift  to  fast.  ] 

Opan  forward  group  LP.  Mow  stop  (ABT  17).  { 

Shut  the  L P.  bkx*  discharge  ventilation  exhaust  (ABTj 
Open  after  group  LP.  Mow  stop  (ABT  13).  j 

Start  tha  Main  Induction  Fan  iFan  fllln  slow.  t 

t When  ordered  to  shift  the  low  pressure  Mower  to  vend 
Mow  discharge  ventilation  exhaust  (ABT  16)  and  shut  tha  A* 
valves  (ABT  13  and  ABT  17).  1 

3.  If  orrkred  to  secure  the  blower,  stop  the  blower  end  dj 
Mew  stop  vatvos  (ABT  13  and  ABT  17)  and  tha  Inboard  vantt| 

ftmecaianf 

L Maintain  a 3 dagrea  to  5 degree  up  angla  if  possible  uj 
the  DMng  Officer  of  the  Watch.  f 

2.  Place  the  rudder  amidships  until  the  ship  Is  surfaced 

af  tha  halm  and  steer  ordered  course.  ! 

3.  FVce  planes  In  EMERGENCY  on  zvro  unless  otherwise! 

Quartermaster 
ef  Watch 

L Whan  ordered  by  the  Officer  ot  the  Deck,  track  open  ( 

N Is  held  on  tha  latch.  | 

2.  Whan  ordered  by  the  Officer  of  the  Deck,  open  the  >ipi 

X Precede  the  relieving  000  to  the  Bridge. 

4 Rig  town  the  bridge  clamshells  and  assist  tha  000  l«j 

5.  Check  upper  hatch  rigged  tor  dive  and  clear. 

lea 

Hatonman 

L Whan  ordered  by  the  Officer  of  the  Deck,  proceed  to  ! 

In  rigging  bridge  (or  surface. 

Auditory 

Etodridan 

Farward 

1 When  ordered  by  the  Officer  of  the  Deck,  proceed  to  tt 
titffcm. 

2.  Check  tha  bridge  1C  receptacles  frit  of  water,  plug  111 
'SUITCASE  READY1  to  tha  COO.  j 

X Whan  directed  by  tha  OOD,  lay  btlow,  energize  tha  l(j 
bridge  MC  switches  In  the  proper  positions.  < 

■1 

t 


Actions  (CM  Opontions,  Inspections,  Hoardings,  Etc) 


pin  ballast  tanks  as  ordered. 

jte  outboard  Induction  valve  when  ordered. 

Iieed  vUve  Indicating  open. 

pipt  of  the  order  'START  THE  BLOWER  ON  ALL  MAIN  BALLAST  TANK.",' 
■pressure  main  ballast  tank  Mow  by  passing  the  word  'START  THF  ?:  OMR 
M BALUST  TANKS'. 

jplanes  placed  In  normal  surfaced  running  position  when  ordered. 

lie  L P.  Mower  has  been  running  for  20  minutes,  or  when  directed  by  the 
Deck,  open  the  L P.  blower  discharge  ventilation  exhaust  valve  and  order 
Mfted  from  the  main  ballast  tanks  to  the  ventilation  exhaust  mast  by 
sword  'SHIFT  THE  BLOWER  TO  VENTILATE  OUi  BOARD', 


Communication  Responsibilities 


L When  ordered,  pass  the  word  'SURFACE.  SURFACE,  SURFACE'  on  the  1MC. 


;ll  Is  extremely  Important  that  the  L.  P.  blower  be  secured  Immediately  If 
yeguested  by  the  EOOW  since  the  main  or  auxiliary  sea  water  system  may 
become  air  bound  white  blowing  up  after  surfacing. 

tVw  tattooing  to  the  Officer  of  the  Deck  as  occurring! 

Indicates  OPEN, 
jpd  Induction  OPEN. 

|nnnlng  on  all  main  ballast  tanks, 
latest  tank  blow  complete,  ventilating  outboard, 


ordered  to  open  the  Inboard  induction  valve  (VH-3)  do  so. 

[• ' 


pitnd  to  start  tht  tot  prtssura  btowtf  on  all  main  ballast  tank* 

(ha  Inboard  ventilation  exhaust  valve  (ABT  25). 

M UP.  Mow  dlschirgo  ventilation  exhaust  (ABT  10. 
pa  UP.  Mower  in  slew,  then  shift  to  test. 

Iprward  group  U P.  blow  stop  (ABT  171. 

|te  UP.  Mow  tkscharge  ventilation  oxhaust  (ABT  161. 

|tar  group  UP.  blow  stop  (ABT  13). 

IN  Main  Induction  Fan  (Fan  111  In  slow. 

to  shift  tho  lew  pressure  blower  to  ventilate  outboard,  open  the  L.P. 
ventilation  oxhaust  (ABT  16)  and  shut  the  MBT  tow  pressure  blow  stop 
and  ABT  17). 

to  secure  the  blower,  stop  the  blower  and  shut  the  MBT  low  pressure 
IABT  13  and  ABT  17)  and  tha  inboard  vantllatlon  exhaust  valve  (ABT  25) 


• 3 degree  to  5 degree  up  angle  If  possible  until  ordered  otherwise  by 
Hear  of  the  Watch. 

N rudder  amidships  until  tha  ship  Is  surfaced,  at  which  lime  taka  charge 
and  steer  ordered  course. 

In  EMERGENCY  on  zero  unloss  otherwise  ordered. 


red  by  the  Officer  of  the  Dock,  crack  open  the  upper  hatch,  ensuring 
the  latch. 


,13 


by  the  Officer  of  tho  Oeck,  epantho  upper  hreh. 
tha  raltoving  000  to  tha  Bridge. 

the  bridge  clamshells  and  assist  the  000  In  establishing  communications, 
upper  hatch  rigged  for  diva  and  clear. 


.55355 


ad  by  the  Officer  of  the  Deck,  proceed  to  the  bridge  and  assist  000 
for  surface. 


ty  the  Officer  <tf  the  Deck,  proceed  to  tho  bridge  with  the  1C 


bridge  1C  receptacles  tree  of  water,  plug  In  the  1C  suitcase  and  report, 
OVto  the  OOP. 


reeled  by  the  000,  lay  baton,  energies  tha  1C  circuits  and  placa  the 
Itches  In  the  proper  positions. 


aw 


Table  III-A-18  (Concluded) 

to  General  An  Alrtdss  turf  tea  It  accomplished  by  planing  the  ship  to  the  surface 
■Nh  sufficient  speed  Is  maintain  a partially  surfaced  attitudn  whits  tha  induction  it 
i and  the  tow  pressure  Mowar  It  ttartad  on  tha  main  ballast  tank  low  prattura 
1 system. 


I a mss  Stiff  ACt  \ 


9 

M Precedures.  Tha  normal  surfacing  procadura  shtof 

■■ , in , d >--1 — '.‘i 

ROBitp  OPOwi  3 


Personnel 

000 


Actions  (CAD  Operations,  |j 
2.  Whan  tha  order,  'SURFACE  THE  SHIP.'  It] 

Order  sufficient  spaad  to  maintain  head  wtf 

Raisa  the  snorkel  mast 

Whan  head  valve  it  clear  of  tha  water  and' 
the  outboard  induction  <r'  j tpenad. 

Order  tha  low  pressure  blower  started. 

Order  spaed  changes  at  naewstary. 

Whan  tha  LP.  Mow  has  Increased  byoyang 
surface  with  the  planes  zero,  order  the  uppl 
evidence  at  flooding,  - after  pressurefvacuum 
atmosphere,  order  the  -*ch  opened. 

Note  The  Officer  of  the  Deck  must  ensun 
ship  hat  sufficient  positive  buoyanq 
tha  ship  to  resubmarge. 


COW 


Tha  Diving  Officer  of  the  Watch  shall  cart 
pressure  air  will  rot  be  used  and  the  ship  wIR 
degree  to  5 degree  up  angle, 

The  Chief  of  the  Welch  sahll  carry  out  ra 
pressure  air  will  not  be  used  and  the  LP.  bta 
Officer  of  the  Deck. 


I EMERGENCY  SOW  ACE 


f-  \ Emergency  Surface.  Certain  tactical  and  emergency  situations  may  require 

ImmedUto  surfacing  of  the  ship  without  the  usual  preparatory  procedures  associated 
wtth  a normal  surfacing.  Tha  following  procedures  shall  be  followed: 


L Issue  specific  orders  for  emergency  blowii 
•LOW  AU.  MAIN  BALLAST'  or  ’EMERGENCY  BLC 

2.  When  the  ship  Is  well  on  the  surface  ant 

X Order  the  tower  and  upper  bridge  access  I 
nermal  procedures. 

4 After  surfacing,  order  tha  outboard  indue 
report  that  tha  Induction  mast  Is  dry  and  oulb 

L Upon  hearing  tha  word  to  Emergency  Mow 
X Control  up  anglo  so  as  nu  to  exceed  20  d 
X Carry  out  the  remainder  of  normal  surfai 
L Check  Ml  vants  SHUT  immediately. 

2.  Emergency  blow  main  ballast  tanks  whan 
X Insure  proper  lineup  of  hydraulic  pumps 
4.  Carry  out  remainder  of  normal  surfacing 

Do  net  order  the  L.  P.  blower  started  unt 
ventilation  exhaust  mast  have  been  reported  di 

All  other  members  of  the  diving  party  ca 
tiwedKiously,  Including  thosa  duties  normally 
arfcr,  'PREPARE  TO  SURFACE'.  Make  prescrl 


AIRLESS  SURFACE 


fe»  The  normal  surfacing  procedure  shall  be  followed  ewapt  as 


Actions  (CAD  Operations,  Inspections,  Recordings,  Etc.) 


Rwn  the  order,  'SURFACE  THE  SHIP,'  is  given: 

{N*  sufficient  spaed  to  maintain  head  vatva  dear  of  water. 

Me  the  snorkel  mast 

lhan  head  valve  is  dear  of  the  water  and  maintaining  dear  of  the  water,  order 
■board  induction  valve  opened. 

|fier  the  low  pressure  Mower  started 
Mar  spaed  changes  as  necessary. 

plan  the  LP.  blow  has  Increased  bycyancy  suffidently  to  hold  the  ship  an  the 
| with  the  planes  on  zero,  order  the  upper  hetch  tracked  II  there  is  no 
ga  of  Hooding,  and  alter  pressure/vacuum  appears  equalized  with  the  outside 
hare,  order  the  hatch  opened 

Mat  The  Officer  of  the  Deck  must  ensure,  prior  to  opening  the  hatch,  that  the 
i ship  has  sufficient  positive  buoyancy  to  preclude  the  waves  tram  causing 
the  ship  to  resubmerge. 


Communication  Responsibilities 

L The  Officer  of  the  Deck  shall  have  the  word  passed  over  the  1MC,  'PREPARE  TO 
SURFACE  WITHOUT  AIR,  PREPARE  TO  SURFACE  WITHOUT  AIR'. 


Chief  of  the  Watch  sahll  carry  out  normal  procedures  except  that  high 
\ air  will  not  be  used  and  the  UP.  blower  will  be  started  on  orders  of  the 
W of  the  Deck. 


GENERAL  INFORMATION 


at  Ship's  propulsion  may  be  accomplished  by  operation  of  iho  miln  propeller  shaft 
using  one  or  both  main  turbines  or  the  Emergency  Propulsion  Motor,  or  by  oporNlon 
of  the  Secondary  Propulsion  tOutboerd  Motor,  Tho  Outboard  Motor  may  bo  operated 
ilnilyor  In  conjunction  with  opt  ration  of  tht  main  prapellor.  Procodurts  for  tho 
control  of  propulsion  modi,  direction,  and  rata  art  established  In  this  Mil.  Procedures 
lor  operation  of  propulsion  equipment  are  delineated  in  Engineering  Department 
Operating  Procodurts  and  Instructions. 


bi  Prompt  and  proper  propulsion  orders  and  Immediate, 
orders  Is  essential  to  tho  safe  operation  of  tho  ship.  The 
must  bt  kept  fully  and  promptly  Informed  of  limitations  or 
plant  modes  and  electric  plant  lineups.  This  Information  si 
Engineering  Officer  of  the  Watch  (EOOW)  in  terms  usable  to 
tl.e.  by  stating  the  bell  or  approximate  numbers  of  turns  to] 
Rolled  rather  than  stating  vacuum,  temperature,  etc.,  Ilml 


Table  III-A-19  Pz>opuleion  Bill 


Command  ResponsIMIHIes  f General  Information 


Actions  (CM  Operations,  In 


I.  Direct  the  Engineer  Officer  of  the  Watch  IE 

n vnpiyfQ  n nxnwv 


Direct  the  EOOW  to  'Shift  propulsion  to  the 

When  the  EOOW  has  reported  'Ready  to  th 
order  'All  STOP*  to  be  rung  up  to  signal  the  E 

Shifting  propulsion  to  the  EPM: 


Direct  the  EOOW  to  'Shin  propulsion  to  tha 

When  the  EOOW  has  reported  'Ready  to  shM 
'All  STOP*  to  be  rung  up  to  signal  the  EOOW  to 

Operating  the  Secondary  propulsion  (Outboardl 


Direct  the  EOOW  to  'lower  the  Outboard, 

When  the  Outboard  has  been  reported 
Helmsman  to  'Test  the  Outboard'. 

When  tho  Outboard  Is  no  longer  needed 

t Control  tho  direction  and  rate  of  propulsion  by] 
following  terminology: 

Main  Shalt  ) 

To  obtain  standerdxed  speed  Increments.-  j 
'AU.  AHEAD  ONE-THIRD  (TWO-THIRDS,  Sl| 
•AU.  IACK  ONE-THIRD  (TWO-THIRDS,  Ftij 
'ALL  STOP*  j 

To  obtain  other  than  a stands  rtf  zed  speed  la 
Engineer  Officer  of  the  Watch  using  following  tadj 

■MAKE  (desired  number)  TURNS,'  or  <1 


WAKE  (desired  number)  knots  by  leg! 


To  obtain  r«ld  response  to  an  ordered  bell  i 
cavitation,  order  a jump  bell. 


condo ty  Propulsion  (Outboard)  Motor: 

Direct  the  helmsman  to  TRAIN  THE  OUTPOilj 
d which  It  Is  desired  to  move  tho  ship's  stai 

When  Outboard  Is  reported  to  be  trained  to  i 


When  Oiriboard  Is  temporarily  not  needed,  ’ 
J When  advised  of  e Reactor  Plaid  SCRAM: 

Order  'AU  stop*. 

Execute  the  Reduced  Electrical  Power  Rill 

The  Officer  of  the  Deck  will,  H any  emergem* 
requires  maintaining  turtiina  propulsion,  order  th| 
bo  given  to  Maneuvering  at  tha  first  opportunity. 

Order  propulsion  shifted  to  tho  EPM  otter  It  | 
Newer)  Is  not  required.  i 

Man  tho  JA  phonts  In  control 


fff:  rrrn**** 


I proper  propulsion  orders  and  immodlito,  cor  rod  rospons*  to  these 
let  to  tho  soft  operation  of  tho  ship.  Tho  Officer  of  the  Deck  (0001 
Ky  and  promptly  Informed  of  limitations  or  changes  to  propulsion 
[electric  plant  lineups.  This  Information  should  be  provided  by  the 
Jber  of  the  Watch  (EOOW)  In  terms  usable  to  the  needs  of  the  000 
|w  bell  or  approximate  number  of  turns  to  which  the  plant  Is 
bar.  stating  vacuum,  temperature,  etc,  limits). 


c)  The  proper  method  of  answering  belts  on  the  main  engines  Is  dependent  upon 
the  oondhlon  of  the  ship  and  the  urgency  of  the  situation.  The  following  guidelines 

wptw 

Surfaced  Operate  propulsion  equipment  so  as  to  attain  the  ordered  belt  without 
regard  to  emulation. 

Submerged 

During  normal  conditions  operate  propulsion  equipment  so  as  to  prevent 
cevftetton  of  the  propeller  while  attaining  the  ordered  bell. 


Actions  ICAO  Operations,  Inspections,  Recordings,  Etc) 


the  Engineer  Officer  of  the  Watch  (EOOW)  as  to  the  propulsion  mode  to 
I as  follows: 

Islon  to  the  main  engines.- 


the  EOOW  to  'Shift  propulsion  to  the  main  engines', 

ption  the  EOOW  has  reported  'Ready  to  shift  propulsion  to  the  main  engines,' 
g 'ALL  STOP  to  be  rung  up  to  stonal  the  EOOW  to  shift  propulsion  to  the  main  engines. 

Islon  to  the  Em 

tho  EOOW  to  'Shift  propulsion  to  the  EPM'. 

tho  EOOW  has  reported  'Reedy  to  shift  propulsion  to  the  EPM,'  order 
to  be  rung  up  to  signal  the  EOOW  to  shift  propulsion  to  the  EPM. 

the  Secondary  propulsion  (Outboard)  Motor: 


rad  the  EOOW  to  'Lower  the  Outboard,  test,  and  shift  to  remold'. 

the  Outboard  has  been  reported  lowered  and  shifted  to  remote,  order  the 
to  Test  the  Outboard'. 

Itlhen  ttki  Outboard  is  no  longer  needed  order  the  EOOW  to  'Rig  in  the  Outboard1. 

fcntrol  the  direction  and  rale  of  prow  ^ by  orders  to  the  Helmsman  using  the' 
■ terminology: 


1 1ft  obtain  stenderdlzed  spaed  incremr 
•ALL  AHEAD  ONE-THIRD  (TWO-THIRDS,  STANDARD,  FULL  OR  FLANK)'. 

[ 'AU.  BACK  ONE-THIRD  (TWO-THIRDS.  FUU.  OR  EMERGENCY)'. 

['  'AIL  STOP 

ft  obtain  other  than  a standardized  speed  increment,  control  speed  by  order  to  the 
Mar  Officer  cf  the  Watch  using  followin'-  mirtology: 

I WAtt  (desired  number)  TURNS.  • or  «IAKE  TURNS  FOR KNOTS’. 

I MAKE  (desired  number)  knots  by  log'. 

h»  obtain  rapid  response  to  an  ordered  bell  when  submerged,  without  regard  to 
Mon,  order  a Jump  bell. 

■endary  Propulsion  (Outboard)  Motor; 

pMract  the  helmsman  to  TRAIN  THE  OUTBOARD  TO (relative  bearing 

M which  It  Is  desired  to  mom  the  ship's  stern). 

|Whan  Outboard  1s  reported  to  be  trained  to  the  ordered  bearing,  'Start  the 

[ tMton  Outboard  Is  temporarily  not  needed,  'Stop  the  Outboard1. 

Inn  advised  of  a Reactor  Plant  SCRAM 
Hbr  'ALL  STOP. 

Lute  the  Reduced  Electrical  Power  Bill 

M Officer  of  the  Deck  wilt,  If  any  emergency  ship  condition  exists  which 
■ maintaining  turbine  propulsion,  order  the  necessary  bell.  Confirmation  will 
R to  Maneuvering  at  the  first  opportunity. 

Mar  propulsion  shifted  to  the  EPM  aRer  H is  determined  that  rapid  response 
|ta  net  required, 

pi  the  JA  phones  In  control 


During  casualties  which  require  rapid  propulsion  response  Flooding,  (am 
dbofrlse,  etc)  or  when  ordered  by  the  Officer  of  the  Deck  (signaled  by  a Jump  bell, 
i.a.  1/3  to  Standard,  213  to  Full,  etc.)  operate  propulsion  equipment  so  as  to  attain 
the  ordered  bell  as  npifty  n possible,  without  reyard  to  cavitation  and  within  plant 
capabilities. 


Table  IU-4-2S  ( Continued ) 


Command  Responsibility  I Gtnoral  Intormantlon 


Shalt  limitations  shall  not  bo  exceeded  except  in  an  emergency  as  dlractid  by  tha 
Commanding  Officer.  Tho  Engineering  Officer  ol  the  Watch  will  onsuro  that  othar  poamr 
giant  operating  limitations  spaclliad  In  tha  Englnaai’lng  Dapartmant  Operating  Procedures, 
tha  Reactor  Plant  Manual  and  othar  directives  tram  higlmr  authority  are  not  eacaaded. 


MCI  One-third  » 

IWo-thlrdi  75 

Full  M» 

Emergency  ZOO  lor  5 ] 

Mala.  Whan  FLANK  or  BACK  EMERGE! 
main  Coolant  Pumps  will  be  sit 

Propulsion  on  Emergency  Propulsion  Mown 
lad  RPM  Surij 


AHEAP  OR  ona-thlra 

BACK  Two-thirds 


ana  SubaJ 


Mad  mud 


Actions  (CM  Operettas,  Inspections,  Roamings,  Etc) 


She  rig  tor  rtducod  etedricto  power  when  rooctor  plant  is  roportod  soN- sustaining. 
Npuista  back  to  tho  main  anginas  when  maneuvering  reports  ready. 


to  'Shin  propulsion  to  tho  main  anginas'. 

|p  tho  aain  anginas  as  necessary. 

•reeled  to  Tost  tho  shaft  on  tho  main  engines'. 

jjl  shaft  in  the  afmod  and  astern  directions  being  careful  not  to  put  way  an 

•rotted  to  'Shin  propulsion  to  tho  EPM'. 
i a watch  at  tho  IPM. 

p JA  phono  communication  between  the  IPM  operator  and  Maneuvering, 
•reded  te  Test  the  shaH  on  the  EPM'. 

^ shad  in  the  ahead  and  astern  directions  being  careful  not  to  put  way  on 

•reded  to  lower  the  Outboard,  tost  and  shin  to  remote'. 

Mo  Secondly  Propulsion  Motor. 

ctaaa  the  Secondary  Propulsion  Motor  dtcult  breaker,  shed  that  motor 
circuit  breaker. 

train  tho  socondiry  propulsion  motor  10  dqran  In  each  direction,  train 
bgrees  rotative. 

•condory  Propulsion  Motor  Control  to  Remota. 

•reded  to  *Rlg  In  tho  Outboord*. 

•endwy  Motor  Control  to  Local. 

iha  Secondary  Propulsion  Motor  to  tho  housing  position. 

I tho  motor. 

Standerdbwi  speed  Increments  are  ordared  via  tha  Englna  Ordar  Telegraph) 

Madge  order  by  matching  engine  order  telegraph  pointars.  If  untote  to 
ordered  ball,  ring  up  STOP  and  Inform  tho  000  of  tho  difficulty  or 
[7MC. 

IPM  will  bo  the  particular  RPM  shown  on  tho  boll  tobto  for  tho  ordorod 
ji  o dffierent  RPM  is  specifically  ordered  by  tha  Officer  of  the  Dock.  A new 
•mats  any  previously  ordared  RPM. 

k propulsion  equipment  to  attain  tho  ordered  speed  In  acamhnce  with  the 
p-Pell  Table; 

•Men  on  Main  Turbines;  (Surfaced  and  Submerge# 

M RPM 

At  One-third  « 

Two-thlrda  10 

Standard  120 

FuK  50%  (If  MCP  in  SLOW) 

1*0  Of  MCP  in  FAST) 

Flank  100%  or  RPM  limitation 


Communication  Responsibilities 


Whan  tho  main  anginas  on  warm  ad  <*,  report  to  tho  Officer  of  the  Dock,  'Ready 
to  shift  propulsion  to  tho  main  engines'. 

When  'All  Stop*  fa  rung  up,  answer  'AN  Stop,'  shift  propulsion  to  tho  main 
oopinac  and  report  to  tho  Officer  of  tho  Dock  'Answering  Mils  on  tho  main  anginas'. 

Report  to  tho  Officer  of  tho  Dock,  Terted  tho  shaft  on  tho  main  anginas,  toot 


Itopau  a tho  Officer  of  the  Deck, 'Ready  to  shift  propulsion  to  tho  EPM'. 

Whan  'ALL  STOP'  Is  rung  up,  answer  'ALL  STOP',  shift  propulsion  to  tho  EPM 
and  report  to  tho  Officer  of  tho  Dock  'Answering  boils  on  tho  EPM'. 

fttoort  to  tho  Officer  of  the  Deck,  Tasted  tho  stuff  on  tho  EPM,  tost 


depart  to  the  000.  'Outboard  Lowered,  Tests  satisfactory  and  Shifted  to  Remote1. 


Report  to  thv  000,  Tha  Outboard  is  riggad  In'. 


K Ons-thlrd  M 
Tto-thlrdb  75 

Full  m 

E xigency  200  tor  5 minutes 

Itolb  Whan  FLANK  or  BACK  EMERGENCY  Is  ordered  tha 
oiain  Coolant  Pumps  will  be  shifted  to  FAST  speed. 


Mon  on  Emergency  Propulsion  Motor: 

Pei  RPM  Surfacart 

53‘Submtrged 

Oft  One-third  Minimum  (Approximately  22) 

Two-thirds  Maximum  (Approximately  57) 


TII-741 


K£S3 


Communkilon  RaspomlbUltlas 


Adlans  (CAP  Optfilom,  Inspadtont,  Rowings.  Etc) 

i Whan  ardaral  ta.  •SSa  Tumi1. 

A#nt  th*  steal  i th#  min  shaft  to  obtain  ordarad  RPM. 

t Whit  idwr.  1 to  *Mi» knots  by  tog’i 

A#ii  th*  pt  i th*  min  shit  to  obtin  ordarad  knots  by  undanaiar  to*. 

ft  N th*  radar  plant  SCRAMS: 

Shut  tho  min  angina  throttle*  and  Inici*  STOP  on  th*  Engirt*  Order  Telegraph.  ImmadMiy  Mm  th*  Cffiw  i th*  Oecb  of  th*  cauaRy. 

Ananer  bill  a ordered.  directed  to  shift  propulsion  to  th*  EPM,  shift 
PfSpuhk  oid  rsport  'Answering  Bails  on  th*  EPM', 

Min  th*  JA  ( -nos  in  Maneuvering.  Rspal  to  th*  Olftca*  i th*  Dick  is  th* 

M phones,  th*  following: 

CauM  of  SCRAM  when  known. 

lh*n  commencing  a fat  SCRAM  reoowry. 

When  th*  rador  It  critical. 

tlhtn  th*  rador  plant  Is  m*  sustaining. 

Whan  Tm  Is  In  tha  groan  band  and  manauvarlng  Is  ready  to  answmr  all  bits. 


L Whon  a standardiad  spaad  increment  Is  ordarad  t*.g.  ALL  AHEAD  ONE-THIRD), 

Mmm  tho  angina  ordar  tatagraph  pintar  to  th*  ordinal  spaad. 

Obnrw  thi  th*  angina  ordar  tatagraph  response  point*  rm*tj  to  tha  ordered 
Spool,  acknowMglng  racmipt  i th*  ordar  by  th*  propulsion  control  stilon.  If  an 

ee n*nt  Is  not  received  Immadlialy,  daprass  tha  signal  button  on  th*  tngina 
m*» t tatagrpah.  II  tha  ordar  romains  unacknowladgad  following  this  adl  , a,  advise 
tha  Offiedr  of  tha  Dock  that.  '(ORDERED  SPEED)  has  not  ba*n  answered'. 

1 Whan  ordarad  to  TEST  THE  OUTBOARD': 

Chick  thi  th*  LOWERED  and  REMOTE  lights  art  on  at  th*  SecontBry  Propulsion 
Mdsr  Control  Pani, 

Shut  tha  Secondary  Propulsion  Motor  circuit  broaloar.  Observe  thi  th*  BREAKEk 
CLOSED  light  comas  on. 

As  ttan  at  braakar  dossd  light  is  observed  to  be  lighted,  open  tit*  circuit  brwiar. 

Trin  tha  S*condary  Propulsion  Motor  MO  digrats  in  sack  iractlon. 

I Whan  ordered  to  TRAIN  THE  OUTBOARD  TO ': 

Repress  th*  TRAIN  RIGHT  or  TRAIN  LEFT  push  button  to  mo*  th*  modi  ship  *n 
th*  SaoKiary  Propulsion  Motor  Control  Pani,  >;li  th*  shortest  rout*,  until  Its  haw 
points  to  th*  ordarad  trin  angle. 

1 Whan  ardaral  to  'START  THE  OUTBOARD': 

Shut  th*  Saoonlsry  Propulsion  Malar  Clrjilt  Braakar. 

Observe  thi  th*  circuit  braakar  CLOSED  light  geas  out. 

S.  Whan  ardaral  ta'STOP  T«  OUTBOARD' 

Opw  tha  Secondary  Propulsion  Motor  ClrcuR  Breaker. 

Observe  thi  th*  circuit  braakar  CLOSED  light  goes  cut 


Adtfawtat*  th*  ordar  by  and  rapiRion  tag.  ALL  AHEAD  WC-THIRDpj 

Whan  angina  ordar  tatagraph  response  polder  mows  to  tho  ordmd  spd 
to  the  Officer  i the  Deck,  'Answers  (Ordered  Spaad'.  j 


taped  to  tha  000.  'OUTBOARD  TESTS  SATISFACTORY’.  \ 

. I 

mm nPm^l  pW  Py  MO!  rwpfuTlOru  | 

ftp*  WVtOAIlO  TRAINED  TO \ f 


ii4r  i m mb d > i«dttkin 

Rkport  ta  th*  OOP,  ‘OUTBOARD  STARTED'.  jj 

Achnawtafp*  th*  ordpr  by  and  rapiRion. 

Report  ta  th*  000,  'OUTBOARD  STOPPED'.  j 


INttons,  R Meetings,  etc) 


Commentation  RtsponttWIRIn 


im. 


tor*  knots  by  undonootor  lag. 

jpft  an  to*  £ngir»«  Orta  Totograph. 
jnpuiston  to  to*  ecM,  shift 

||  too  Oftlcor  of  too  Dock  vis  too 


tomoMo^  oMu  to*  Officer  *1  to*  Dock  of  to*  asuolty. 


Than  apt 
Antal* 


Table, III-A-20  Ventilation  Bill 


■K  inn  in  mm  w wniiKion  symm  wmf  m 
•M  a wet'  Of  ttWM  Sted*  It  U MlOWIt 


e The  KCIRCUATE  made  Mint*  the  norul  mow  of  operation  e thn  ventilation  system. 
By  (Ml  wM  (ho  dr  wRhln  the  tMp  It  continuously  drtuiaiad  In  t cloud  tystom 
camp  rite*  e the  ship's  tit  comwrtmtrrtt,  Recirculation  It  normally  employed  Wiring 
protongad  pertodt  e tubmergence  when  X It  necetwry  to  maintain  t wIM  atmosphere. 
At  (to  dr  It  circulated  K It  purified  by  passage  through  charcoal  II  Kart,  precipitators. 
COg  Scrub  tart.  CO/Hj  burnirt  and  It  ravitollztd  by  tha  addition  at  oxygon  from  tho 
twgan  gar  or  Wart  or  oxygon  itonga  banks.  RECIRCULATE  It  tha  lino  up  to  which  tha 
tgsin  wHl  ba  automatically  ratumad  tallowing  cooptation  W or  tacuring  (ram  any  abhor 

^ ^ VI  WWmi 

Vi  fPWwWIli 

H Tho  VENTILATE  mode  doscrlbat  tha  meant  by  which  air  It  canKnueutly  drawn  tnte 
(to  tNp  (trough  tha  Induction  piping  whlla  Nr  Iran  tha  ship' a Interior  It  exhausted 
(toougto  (to  ventilation  axhautt  piping  using  tha  Law  Pressure  I lower. 


GENERAL  Mj|l 

d Tha  SNORKEL  mode  doscrlbat  tha 
through  tha  Induction  piping  as  describ'd 
tohautting  air  from  tha  ship's  interior  th 
aWiauW  system.  Dalai  lad  procedural  lor  i 
and  art  net  further  d scutied  in  this  MIL 

4 Tto  EMERGENCY  VENTILATE  mode  It 
cwipartmiiit  of  atmospheric  contaminants 
n ether  objectionable  cr  noxious  gases 
Into  tha  compartment  white  a second  pith 
tto  dtasal  angina  or  tha  low  pressure 
tto  Rna  up  ter  emergency  ventilation. 


Command  Responsibilities  I General  Information 


Tto  recirculate  mode  It  tha  normal  ventilation  line  up.  Tha  ventilation  system  will 
ba  autemwicaRy  ratumad  to  'RECIRC UATE'  alignment  on  securing  tram  any  other 

»«■  »*  1-  -i* 

vWVKMQOn  IWwnNfie 


Actions  (CW 


On  receipt  of  this  word  all  compw 
•RECIRCULATION'  In  eceortenc*  with 


EXi 


TO  Initiate  VantilWten 


th  Campert- 


La* 

Hatenman 


L Open  tto  drain  valves  (ABT  19,  9 
•tew  system  lints  and  tha  ventilation.; 

t Check  MPT  low  pressure  Mow  vwh 
ventilation  exhaust  mast  valve  (ABT  11 

V Kft  m the  ventilation  axhautt  map 
S am!  h 

4.  KvW  verifying  that  tha  induction 
vaht  iVH-31 


L Unlock  tha  Outboard  Ventilation  I 

L Unlock  tha  outboard  Induction  vad 

L Open  tha  hull  and  backup  valvw ! 
central  Rn  s to  tha  head  valve  (VH-U 


L line  up  ventilation  system  In 


p 

iKMtten  syi 
M system 

R during 
mospher*. 


prom  the 
p which  th* 
|M  any  ether 


.Irwn  into 
iMhausted 


Th*  ventilation  system  will 
curing  Iron  any  other 


CDCRAL  IlfORMATION 

e)  Th*  SNORKEL  modi  describes  tha  meant  for  ventilating  the  ship  by  providing  air 
through  the  Induction  piping  at  detcribad  toove  for  the  'VENTILATE'  mode  white 
Mftftttino  Nr  tram  the  thip't  interior  through  the  dietel  engine  and  the  snorkel 
■Must  system.  DetNIed  procedures  for  tnortei  operation  art  pravidto  in  the  Snortei  Bill, 
and  an  net  further  Nscussed  in  this  bill. 

• Th*  tMFtCDCY  VENTILATE  mode  It  th*  meant  used  for  evacuation  of  a tpeclfic 
cMparteent  ef  atmospheric  contaminentt  tuch  at  tmoke,  toxic  gas,  radioactive  contamination 
or  other  objectionable  or  noxious  gases.  In  this  mode  a supply  of  fresh  air  is  established 
Into  the  compartment  while  a second  path  it  established  to  exhaust  It:  contents  using  either 
th*  dtosei  engine  or  th*  low  pressure  blower.  Addendum  2 and  Compartment  Bills  specify 
the  iine  up  ter  emergency  ventiteticn. 


RECIRCULATE  MODE 


Actions  tC&O  Operations,  Inspections,  Recordings,  Etc.) 


On  receipt  ef  this  word  all  compartments  wit)  rig  the  ventilation  system  tor 
'RECIRCULATION'  in  accordance  with  the  Compartment  Bill. 


L Position  th*  elect  rods  selector  switch  on  tho  BCP  at  BOTH. 

2.  Pto Man  the  head  vetv*  control  switch  on  tho  BCP  at  AUTO. 

3.  II  idng  cendKlons  exist,  place  the  electrode  heater  switches  on  the 

5.  When  ordered  by  tha  Officer  of  th*  Deck,  raise  th*  snorkel  mast  Watch  lor 
UP  indkation. 

4.  Check  that  th*  head  valve  OPEN  light  on  th*  5CP  ooos  on  when  th*  head  valve  (VH-1) 
It  dtom  th*  water. 


?.  Teat  tha  mast  flooded  Indcator. 

& Wth  th*  ship  at  Snorkel  Depth  end  when  ordered  by  th*  OP'cer  of  th*  Deck 
TEST  THE  HEAD  VALVE',  cycle  heed  valve  (VH-1)  and  check  operation  of  electrodes 
utilizing  test  button  and  'Manual  Emergency  Close'  valve.  Check  head  valva  position 
MuL'cn  at  BCP  with  OOD's  visual  observation  of  head  valve  position. 

t When  no  water  flow  Is  indicated  in  the  induction  mast  drain  lino  sight  g!ass, 
shut  drain  valves  TO-52,  TD-53,  TD-54,  ALP  256  and  ALP  257. 


L Open  tha  drain  valves  (ABY  19,  20,  21,  22,  23  end  39)  and  drain  tha  Low  Pressure 
•tow  system  lines  and  tha  ventilation  exhausts  masts. 

L Chxk  MBT  low  pressure  Mow  wives  LAST  13  end  ABT  17)  shut  end  check 
ventitoUon  exhaust  mast  valve  (ABT  16)  open. 

1.  When  th*  ventilation  exhaust  mast  Is  dry,  shut  drain  vahws  (ABT  19.  2(L  21.  22, 
23  and  39) 

4.  Altar  verifying  that  tha  Induction  mast  Is  dreined,  open  tht  inboard  induction 
valva  (VH-3) 


L Unlock  tha  Outboard  Ventilation  Exhaust  Valve  (ABT  24)  and  place  K in  power. 

2.  Unlock  the  outboard  induction  valve  (V.l-2)  and  plan  it  In  power. 

3.  Open  th*  hull  end  backup  valves  (ALP  239,  240,  244  and  245)  in  th*  pneumatic 
control  lines  to  the  head  valve  (VH-1) 


L Line  up  ventilation  system  In  accordance  with  posted  compartment  bills. 


M Th*  RAPID  VENTILATE 
ship.  In  this  modi  Nr  Is 
white  Nr  from  th*  ship's  I 
Md  snerM  exhaust  system 

Any  *f  there  modes  may  la 
emergency  conditions,  as 
th*  ship  is  controlled  by  fan. 
In  th*  Compartment  Bills. 


Impnper  Alignment  or 
pressure  between  the 
acting  an  the  area  of  in  I 
ef  very  nal  hreard  te  pen 


Th*  Off) cm-  of  the  Deck  shall 


L Order  'PREPARE  TO  VENTILATE^ 
2.  Order  snorkel  mast  raised. 


2.  Report  to  Control  when  lined 


L Man  JA  phones  to  receive 
ChIN  ef  th*  Watch. 


(•NATION 

& ventilating  the  ship  by  provMng  Nr 
for  tn«  'VENTILATE'  modi  whilt 
Mb  thi  dltsN  tngino  and  th*  snorkel 
(rtel  operation  in  provided  in  ttM  SnorkN  BIN, 

l 

boons  usod  for  evacuation  of  i specific 
(h  os  smaki,  toxic  91s,  radioactive  contimi  notion 
,this  modi  1 supply  of  Irish  air  Is  istabllshod 
[pstibllshid  to  ixhaust  its  contints  using  eithar 
l Addon  (torn  2 and  Compartmont  Ellis  spicily 


at  Tha  RAPIO  VENTILATE  modi  is  tha  mans  of  maximum  npianishinant  cf  air  within  tha 
sMp.  In  this  modi  Nr  Is  continuously  drawn  Into  the  ship  through  thi  Induction  systim 
whKs  Nr  from  tbs  ship's  intarlor  is  bNng  exhausted  through  both  tha  vwtllNIon  ixhaust 
and  snsrbN  aNwuN  systim  using  tha  law  Pressure  Blower  and  DlisN  Englm  Respectively. 

Any  N thaaa  modas  may  ba  usad  surfacad  or  N snorkN  dipth,  under  normal  or 
smarjinc/  conditions,  as  dictNad  by  the  ixisting  situation.  Distribution  of  Nr  within 
tha  ship  Is  controiM  by  fan,  vahm,  dwnpar,  door,  and  fitting  conditions  as  spiciflsd 
In  tha  Compartmont  Bills. 

Improper  Alignment  or  operation  of  tha  vantiiNion  systim  can  product  diffarancat  in 
prtssura  between  the  compartments  of  thi  ship.  Even  1 ont-haH  inch  pressure  differential 
acting  an  thi  area  of  an  intar-esmpartmint  watertight  door  can  product  a condition 
N atry  nN  hazard  to  porsannN  operating  tha  door. 


will  rig  tha  vantiiNion  systim  for 
Comptrtmont  Bill. 


on  the  BCP  at  BOTH, 
on  tho  BCP  N AUTO, 
etactroda  heater  switches  on  tho 
Dock,  raise  tho  snorkN  mast  Watch  for 


on  th*  BCP  ooes  on  whw  the  head  vakra  (VH-1) 


I whan  ordered  by  tha  Officer  of  the  Dock 
k (VH-1)  and  chock  operation  N electrodes 
y Close'  valve.  Chick  head  valve  position 
ation  of  head  valve  position. 

tho  induction  mast  drNn  tin#  sight  glass. 
ALP  256  and  ALP  257. 


21,  22,  23  and  39)  and  drNn  tha  Low  Pressure 
Khausts  masts. 

(ABT  13  and  ABT  17)  shut  and  check 


is  dry,  shel  drain  valves  (ABT  19,  Hi  21.  22, 
is  drNnad,  open  tha  inboard  induction 


st  Vahra  (ABT  2«  and  plan  it  In  power. 
(VH-2)  and  piece  it  In  power. 

P 239,  240.  244  and  24$)  in  tha  pneumatic 


dance  with  posted  compartment  bills. 


Communication  Responsibilities 


The  Officer  of  tha  Deck  shall  have  tha  word  passed  war  tha  1MC  'RECIRCULATE'. 


L Order  'PREPARE  TO  VENTILATE'. 
2.  Order  snorkN  mast  raised. 


L Have  the  word  passed  over  tha  1MC,  'PREPARE  TO  VENTILATE.  PREPARE  TO  VENT 

2.  Whan  tha  ChiN  of  the  WNch  reports,  'READY  TO  VENTILATE',  report  to  tho 
OMcor  of  tha  Hack.  'READY  TO  VENTILATE'. 


4,  Direct  tha  AuNliaryman  Forward  or  Auxiliary  Electrician  Forward  to: 

Position  tha  induction  mast  drNn  valve  fTD-S4>  to  tha  drain  position. 

Opon  vant  vatves  (ALP  256,  ALP  257)  n mast  blow  line  to  allow  tha  mast  to  rNsa 
without  pulling  a vacuum  in  Iho  induction  piping. 

Opon  Induction  mast  drNn  vatves  (TD-52  and  CTD-53) 

XL  Whan  Nl  reports  received,  report  to  tha  Diving  Officer  of  tha  WNch 
•READY  TO  VENTILATE'. 


5.  Report  to  tha  ChiN  of  «»•  Watch  'READY  TO  VENTILATE". 


4.  Report  to  the  ChiN  of  tha  WNch  'READY  TO  VENTILATE'. 


2.  Raport  to  Control  when  lined  up. 


L Man  JA  planes  to  rocsivo  reports  from  compartments  for  relay  to  tho 
ChiN  N the  Watch. 


Table  III-A-2Q  (Continued) 


Personnel 


000 


Command  Responsibilities  / General  information 


Acbnns  (ClrO  Operations,  l 


L Order  'SECURE  SNORKELINC  / VEWTLATING'. 


2.  Carry  out  procedure  for  'SECURE  VENTILATING' 
K sgoprtata. 


Auxillaryman 
of  Watch 


Sacurlng  Emergency  Ventilation 


Carry  out  procedures  for  'SECURING  VENTIIATI 
at  apprapriete. 


Carry  out  procadurosfor  'SECURING  VENTIIATI 

at  appropriate. 


Car y out  procedures  for  'SECURING  VENTILATE 

at  appropriate. 


All 

Compartment 


Carry  out  procaduros  for  'SECURING  VENTIIATI 
at  appropriate. 


L Rig  the  compartmar.t  for  Recirculating  in 
unless  otherwise  directed  from  Control.  Tire 
'RECIRCULATE  MODE'  even  though  it  may  have  bean < 
evolution  such  at  fire,  radiation,  toxic  gas,  etc 


The  rapid  vontllate  mode  should  be  used  when  R is  deemed  necessary  to  obtain  the 
Staximu  m replenishment  rate  of  sir  within  the  ship.  The  basic  system  lineup  Is  that  for 
'SNORKEL'  and  'VENTILATE'  modes  concurrently.  The  specific  lineup  for  rapid  ventilation 
shall  ba  In  accorder.ce  with  the  compartment  tills. 


RAPID  VENTILATION 


L Insure  that  a”  comportments  are  rigged  as 
tha  Compartment  Sill. 


IP  StVilate  Rapid  Ventilation 


AuxHiaryman 
N Watch 
Forward,  and 
Navigdtten 
Center  . 


L Carry  out  the  preparations  for  Vent' 'da  and 
this  Dili  and  tha  Snorkel  Bill. 


t L Commar.ee  immediate  preparations  to  jnorVef  in 


L U|  for  Ventilate  and  Snorkel  in  accordance 


*!"6l 


L Insure  tttt  compartment  Is  expedHIwrly  rigged  it 
CaapaitawJ  Bill  | 


Itepid  Ventilation 


To  Secure  Ripld  Ventilation 


L CaauRtna  ventilating  in  rarihnce  with  this  Ml 

t Nlhen  directed,  commence  snorkellng  In  eccortej 

1.  Commence  ventiteting  In  accordance  with  this  Mj 

L When  directed,  commence  jnnrksl'ng  In  eccortif 

L Hr/e  Rapid  V«wiiat!on  secured  sequential^  in  M 
the  Snorkel  Bill.  I 


X Socure.  Rapid  Ventilation  In  accordance  with 


Actions  (CAD  Operations,  Inspections,  Rocordlngs,  Etc.) 


'5ECURE  SNORKELING  / VENTILATING*. 


cut  procedure  for  'SECURE  VENTILATING*  or  'SECURE  SNORKELING* 
late. 


out  procedures  for  'SECURING  VENTILATION*  or  'SECURING  SNORKELING* 


•ut  procedures  for  'SECURING  VENTILATION'  or  ' SECURING  SNORKELING' 

Mil 


cut  procedures  for  'SECURING  VENTILATION'  or  'SECURING  SNORKaiNG' 

lata. 


out  procedures  for  'SECURING  VENTILATION'  or  'SECURING  SNORKELING' 


Communication  Responsibilities 


L Hm  appraprlata  word  passed  war  1MC. 

3.  Whan  all  reports  received,  report  to  the  Officer  of  the  Oedt,  'SECURED  FROM 
EMERGENCY  VENTILATION,  RECIRCULATING'. 


tEg 

m 


compartment  tor  Recirculating  in  accordance  with  the  compartment  bit) 
rise  directed  from  Control.  The  compartment  will  be  returned  to  the 
LATE  MODE'  even  though  It  may  have  been  previously  rigged  tor  another 
such  as  fire,  radiation,  toxic  gas,  e«c 


2.  When  empartments  ere  rigged,  report  'SECURED  FROM  EMERGENCY  VENTILATING, 
RECIRCULATING'  to  Control 


that  all  compartments  are  rigged  as  rapidly  n possible  in  accontonce  with 
brent  Bill. 


out  the  prapiritions  for  Ventilate  end  Snorkel  twwdhiously  in  accordance  with 
M the  Snorkel  Bill, 


Immediate  preparations  to  Snorkel  In  accordance  with  Snorkel  Bill. 


Ventilate  and  Snorkel  in  accordance  with  this  bill  and  the  Snorkel  Bill. 


the  compartment  is  upedKlously  rigged  in  accordance  with  the 
M Bill 


L Ho  ■ » ,»*d  passed  on  the  1MC,  'PREPARE  TO  RAPID  VENTILATE.  PREPARE  TO 

SNORKEt. 


2.  When  ill  compartments,  except  Maneuvering  report  rigged,  report  to  the  Officer  of 
the  Deck,  'READY  TO  VENTILATE'. 

3.  Whnr  Maneuvering  reports  rigged  *nd  the  Lew  Pressure  Blower  Is  running  report 
to  the  Officer  of  tho  Dock,  'READY  TO  SNORKEL'. 


2.  Report  to  tho  Diving  Officer  of  tho  Watch  when  'READT  TO  VENTILATE'  and  when 
'READY  TO  RAPID  VENTILATE'. 


2.  Report  to  Control  when  'READY  TO  SNORKEL'. 


u Report  to  tho  Chiar  of  tho  Witch  when  rigged,  'READY  TO  VENTILATE'. 


2.  Report  to  Control.  'READY  TO  RAPID  VENTILATE'. 


L,  Upon  receiving  the  report,  'READY  TO  VENTILATE',  direct  the  word  passed  twice  over 
the  1MC,  'COMMENCE  VENTILATING'. 

2.  Ipon  receiving  the  report,  'READY  TO  SNORKEL',  have  the  word  passed  twice  over 
the  iMC.  ■COMMENCE  RAPID  VENTILATING,  COMMENCE  SNORKELING'. 


& 


Knee  ventilating  in  accordance  with  this  bill, 
fractal,  commence  snoikellng  in  accordance  with  the  Snorkel  BUI. 

3.  When  snorkel- rg  report  to  the  Officer  cd  the  Deck,  'RAPID  VENTILATING'. 

tnce  ventilating  in  accordance  with  this  bill, 

Irectab,  commence  snorkeling  in  accordance  with  the  Snorkel  Bill. 

1.  Peis  the  word  on  the  1MC  as  directed  by  the  Officer  of  the  Deck. 

kapid  Ventilation  secured  sequentially  in  accordance  with  this  bill  end 
fl*  Bill. 

2.  First,  have  thv  word  passed  on  the  IMC,  'SECURE  SNORKELING,  CONTINUE 

VENTILATING’. 

I.  When  the  Diesel  Fngint  is  secured  end  when  desired  ventilating  will  be  secured 

Ir.  accordance  with  this  bill  by  having  the  word  passed,  'SECURE  VENTILATING'.  { 

1 Rapid  Ventilation  In  accordance  with  the  Comperimont  Bill. 

2.  When  the  compartment  is  rigged,  report  to  Control,  'SECURED  RAPID  VENTILATING,  j 

RECIRCULATING'.  | 
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Table  III-A-20  (Concluded) 


Command  Responsibilities  / General  Information 


Actions  ICAO  Operations,  in 


NMfigBUan 

Cantor 

atj  i r 

wren 


AM  Compart- 


U Whan  tha  outboard  Induction  fVH-2)  Is  OPEN,  start 
fan  fl>  k*  SLOW. 

2.  Whan  tha  outboard  ventilation  exhaust  IABT  Ml  valve 
Blower  in  SLOW  spaad  and  shin  to  FAST. 


2.  Compensate  tha  ship  as  necessary  for  snerkal  mast 


L Whin  tha  low  Pressure  Blower  is  stopp'd,  :hul  tha 
ptoci  tha  outboard  vantitotlor.  exhaust  vaht  switch  in  Ota? 

2.  Turn  haad  vaSm  <VH-l>  control  switch  to  CLOSED, 
•oport  'STRAIGHT  BOARD'  (or  excoftlons)  to  tha  Diving 

3.  Lower  tha  mast,  when  towered,  report,  ’MAST 
of  the  Watch. 


L Shut  the  Jnboard  Induction  (VH-3)  and  inboard  vonti 

2.  Lock  Shut  the  outboard  induction  (VH-2)  and  outboard 
valves  when  they  Indicate  SHUT. 


L Secure  the  Low  Pressure  Blower. 

2.  Secure  the  main  induction  fan  Fm  f 1) 

3,  Shut  hull  and  backup  valves  (ALP  239,  240,  244  and 
lines  to  tha  haad  valve. 


L Line  up  the  ventilation  system  for  'RECIRCULATING' 
Compartment  Bills  and  report  to  the  Chief  of  the  Watch. 


EMERGENCY  VENTILATION  MODE 


Whan  tha  word,  ‘PREPARE  TO  EMERGENCY  VENTILATE  TIC  WITH  THE  DIESEL 

(BLOWER)'  Is  passed,  all  compartments  shall  rig  in  accord! net  with  the  posted  bills, 
except  for  the  Compartment  to  be  ventilated.  The  affected  Compartment  shall  rig  with  tha 
exception  of  opening  watertight  doors  and  ventilation  dampers.  These  Items  shall  be 
opened  on  the  order.  'COMMENCE  EMERGENCY  VENTILATING'. 


Nmrfgatton 

Cantor 

Watch 


COW 


Tha  Diesel  Engine  shall  ba  lined  up  evan  when  Emergency  Ventilation  is  to  bo 
commenced  with  tha  Low  Prossurt  Blower  so  that  it  will  be  ready  tor  immadlato  use 
M tha  decision  to  shift  to  tha  diesel  is  made. 


k Ordmr,  'PREPARE  TO  EMERGENCY  VENTILATE  TIC 
DIESEL,  PREPARE  TO  SNORKEL',  or,  ■! 

2.  Order,  'PREPARE  TO  EMERGENCY  VENTILATE  TIC 
BLOWER'. 

3.  When  ail  compartments  have  reported  ready,  order,  1 
VENTILATING.  COMMENCE  SNORKELING',  when  using  Ob 
VENTILATING'  when  using  Low  Pressure  Blower.  I 

2.  Carry  out  procedures  fer  •VENTILATE1  if  the  Low  Prafj 

3.  Carry  out  proceduras  for  'SNORKa'  if  the  diesel 


L Carry  out  the  procedures  for  'SNORKa'  or  VENT  I LA 


L Cany  out  tha  procedures  for  'SNORKEL'  or  VENTILA 


L Carry  out  tha  procedures  for  'SNORKa'  or  VENTILAJ 


L Have  the  diesel  prepared  and  be  ready  to  snorfcal  an  f 
Blower  Is  to  be  used,  j 

2.  Carry  out  tha  procedures  of  the  Snorkef  Bill  If  the  Jj 
4 Insure  the  Engineering  Sprees  ere  rigged  for  'SNON( 


L Unt  up  the  ventilation  system  in  accordance  with 
2.  Man  mprtprlaU  sound  powered  telephones.  j 


**  uiukS.  hcreVKSMfbuini 


Heltons  (CIO  Operation*.  Inspoctions,  Rocordlngs,  Etc) 


Induction  (VH-2)  and  outboard  ventilation  exhaust  vatva  (AIT  24) 


I the  ou  hoard  Induction  valve  (VH-2). 

untUatlon  exhaust  valva  switch  In  tha  OPEN  position  and  hold 
the  Mower  is  running.  (Tha  sound  of  tha  blower  can  bo  hoard 
jjw  tha  switch  to  the  AUTO  position.  

(dilation  exhaust  vatva  (ABT  25) 


Induction  (VH-2)  Is  OPEN,  start  tha  wain  induction  fan 

pontilatlon  exhaust  (ABT  24)  vatva  Is  OPEN,  start  tha  low  Pressure 
M shift  te  FAST.  


t as  nocassar)  (or  snorkel  mast  operation. 


Era  B Sower  is  stripped,  shut  the  outboard  induction  (VH-2)  and 
ion  exhaust  valve  switch  in  the  SHUT  position. 

H)  control  switch  to  CLOSED,  turn  off  electrode  heaters. 

|0'  (or  exceptions)  to  the  Diving  Officer  of  the  Watch. 

|n  lowered,  report,  'MAST  LOWERED',  to  the  Diving  Officer 


Auction  NH-31  and  inboard  ventilation  exhaust  (ABT  25)  valves. 

Mid  induction  (VH-2)  and  outboard  ventilation  exhaust  (ABT  24) 

¥ SHUT. 


hours  Blower. 

Section  fan  (Fan  »1) 

jj?  valves  (ALP  Sf,  240,  244  and  245)  In  tha  pneumatic  control 

&n  system  for  'RECIRCULATING'  In  accordanai  with  the 

to  the  Chief  of  the  Witch.  


|S2l 


CV  VENTILATION  MODE  ) 


i EMERGENCY  VENTILATE  THE 
RKEL',  or. 

I EMERGENCY  VENTILATE  TK 


COMPARTMENT  WITH  THE 
COMPARTMENT  WITH  THE 


s have  reported  ready,  order.  'COMMENCE  EMERGENCY 
E SNORKEL  I NS',  when  using  Diesel,  or  'COMMENCE  EMERGENCY 
I Low  Pressure  Blower. 


0 for  'VENTILATE'  if  the  Low  Pressure  Blower  is  used. 
|p  for  'SNORKEL'  if  the  diesel  engine  is  used. 


uras  for  'SNORKEL*  or  ’VENTILATE'  ts  appropriate. 


um  for  'SNORKEL'  or  VENTILATE'  as  appropriate. 


urea  for  'SNORKEL'  or  VENTILATE'  as  appropriate. 


and  be  reedy  to  snorkel  on  short  notice  If  the  Lew  Pressure 

tires  <4  the  Snorkel  Bill  H the  Diesel  Engino  Is  to  be  used. 

Ing  Spices  are  rigged  lor  -SNORKEL'  or  VENTILATE'  as  topraprirte. 
system  in  accordance  with  the  compartment  bits. 

I powered  telephones. 


Communication  Responsibilities 

L After  receiving  report  'READY  TO  VENTILATE'  from  the  Diving  Officer  of  the  Watch, _ 
order  "COMMENCE  VENTILATING'. 

L HMO  the  word  passed  on  the  1MC  'COMMENCE  VENTILATING,  COMMENCE  VENTILATING'. 


V Report  VENTILATING'  to  DMng  Officer  of  the  WMctw 


3.  Report  VENTILATING'  to  the  Chief  of  the  Watch. 


Ordar  'SECURE  VENTILATING'. , 

L Hava  the  word  passed  aver  the  1MC,  'SECURE  VENTILATING.  SECURE  VENTILATING'. 

S.  When  report  Is  received  from  the  Chief  at  the  Watch,  report  to  the  Officer  of  the  Dock, 
’SECURED  VENTILATING,  RECIRCULATING'. 

4.  Report  to  tho  Diving  Officer  of  tho  Watch,  'SECURED  VENTILATING,  RECIRCULATING' 
whan  reports  are  received. 


3.  Report  to  tho  Chlwf  of  tho  Witch,  'SECURED  VENTILATING'. 


4.  Report  to  tho  Chief  of  tha  Watch.  'SECURED  VENTILATING,  RECIRCULATING'. 


1.  Hove  appropriate  word  possod  orar  the  1MC. 


2.  When  ell  reports  hive  been  received,  report  to  the  Diving  Officer,  'READY  TO 
EMERGENCY  VENTILATE  THE  COMPARTMENT  WITH  THE  BLOWER  (DIESEL)'. 


3.  If  the  diesel  engine  Is  to  be  used  report  to  the  OOD  as  soon  as  tha  dlasai 
angina  Is  Unod  up. 


3.  Report  to  Control  whan  tho  compartment  is  rigged. 
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TdbZe  III-A-21  Snorkel  Bill 

of  Whon  snorMIng  tor  an  extended  parlod  of  tlmo,  the  Officer  of  the  Back  will 
warmaHy  ardor  IN  COj  scrubbers,  tha  CO-Hj  burners,  and  tha  oxygen  btead  system 

secured.  TImm  equipments  than  ba  restarted  attar  snorted  ng  and  tacurad  In 
qwerdence  with  tha  ship's  Air  Ravltallzation  Bill.  If  diasol  exhsust  antors  tha  ship 
white  snorhstlng,  both  scrubbers  and  both  burnars  should  ba  start  ad. 


GENERAL  INFORMr.ii 

N Tha  centrettng  station  for  snorted  ng  it  Cortrat. 

d Compartments  wilt  ha  Unad  up  In  accordance 
check-on  IlsU 


Parson  nal 


Command  Responsible  .las  / Ganaral  Information 


Actions  (CIO  Operations, 


L ORDER  THE  INDUCTION  MAST  RAISED 


L OPEN  TK  INDUCTION  MAST  VENT  VALVES 
MAST  WHEN  ORDERED  BY  THE  DIVING  OFFICER 

2.  if  ldn|  condttlons  exist,  placa  tha  atedroda 

5.  Whan  ordarad,  raise  the  snorkel  matt.  En 
opened  vent  velvet  ALP-256  end  257,  to  allow  the 
vacuum  In  tha  Induction  piping,  prior  to  ratting 

1 Report  when  snorkel  mast  Indicates  up. 

6.  Chock  that  tha  head  valve  OPEN  light  on  thi 

Is  above  water. 

1.  Test  tha  mast  flooded  indicator. 

1 With  tha  ship  at  snorted  depth,  cycle  haad 
utilizing  test  button  and  'Manual  Emergency  C 
of  the  Dock. 

P.  Order  tha  bow  compartment  0?  btead  secu 


L Open  vent  velvet  (ALP  256,  2571  In  the  Matt 
without  pulling  a vacuum. 

2.  When  ordered,  drain  the  nast  to  tha  gravity: 
(Induction  Mast  Flood  and  Drain  Valve)  to  DRAIN  i 
sesd  TD-5J. 

5l  Whan  mast  is  dry  shut  tha  vent  valves  and  I 


Canter 

Suparvlsar 


Direct  and  supervise  the  Engineering  Space  watches  in  preparation  for 
operations  of  the  (Basel  engine  and  generators  set  in  accordance  with  Engineering 
Department  Operations  Procedures  and  order  atmosphere  control  equipment  secured 
unless  special  circumstances  dictate  otherwise 


L Una  up  tha  d Inal  angina  for  startup  In 
Operating  Procedures. 


L Drain  the  area.'  between  the  inboard  and  oudl 
opening  drain  valves  (DSW-14  and  DSW-37).  Whad 
valve  and  secure  iJw  drain  valves. 

2.  Line  up  damper  D-J  and  ventilation  system  In 
pasted  compartment  check-off  list 

\ Unlock  tho  outboard  angina  exhaust  valve  and 


LRig  compartment  for  snorkel  In  accordonco  wtj 


Communication  Responsibilities 


2.  When  satisfactory  trim  at  snorittl  depth  Is  obtained  and  tha  Chlaf  of  th*  Watch 
has  reported  ail  stations  raady  to  snorital,  report  to  tha  On  tear  of  tha  Deck,  'READY 
TO  SNORKEL'. 


}.  Racatva  raport  from  Auxlllaryman  Forward  whan  mast  Is  drainad  and  tha  vant  and 
drain  valves  ara  shut 

ML  Whan  all  reports  haw  baan  racatvad  and  tha  abova  stops  haw  baan  comp  lot  ad. 
to  tha  Diving  Officer  of  tha  Watch,  'READY  TO  SNORKa'. 


4.  Raport  to  tha  Chlaf  of  tha  Watch,  'MAST  IS  dry,  vent  and  drain  valves  SHUT'. 


4.  Raport  to  tha  Chlaf  of  tha  Watch,  'OUTBOARD  INDUCTION  IN  POWER  INBOARD 
INDUCTION  OPEN,  NAVIGATION  CENTER  READY  TO  SNORKa'. 


L Man  JA  handset  to  racatva  reports  from  compartments  for  relay  to  tha  Chief  of 
tha  Watch. 


2,  Raport  to  Maneuvering,  'DIESa  LINED  UP  TO  SNORKa*. 


4 Raport  to  Maneuvering,  'MACHINERY-2  LINED  UP  TO  SNORKa*. 


L Report  to  Control,  'ENGINEERING  SPACES  READY  TO  SNORKa*. 


2.  Whan  rigged  report  on  JA  circuit  ' COMPARTMENT  READY  TO 

SNORKa'. 

V Man  JA  phones  and  Imp  phones  manned  until  direct  ad  by  Control  to  secure. 


Command  Reeponslbilitie*  I General  Information 


Table  IIT-A-21  ( Concluded. ) 


Generator 


AudHeryman 

Of  Wdteh  Alt 
or  Aux. 
Machinery 
Room  Ns.  I 
Upper  Level 


Cam partmont 


Action  (CM  Operations,  I 


L Order  the 
2.  Commence 


Linn  or* 


outboard  Induction  opened, 
flooding  approximately  1.000  poundi  I 


irod,  open  tho  outboard  Induction  vahNi 


1 Start  Main  Induction  Supply  Fan  (Fan  *1)  In  Fait 


L Blow  tho  exhaust  lino  with  air  In  accordance 
Operating  Procedure. 


L MMch  tho  local  pressure  gage  and  continue  b 
stabilises,  Indicating  a dear  exhaust  lino.  CAUTI0M 
ENGINE  STARTS. 


L Chock  snorkel  panel  to  ensure  that  the  outboard 
exhaust  valves  are  open. 


2.  Press  safety  drcult  bypass  button  and  start  tho  i 
Engineering  Department  Operating  Procedure. 


2.  When  the  diesel  Is  reported  ready  for  loading,  It 
otherwise  directed  by  the  Officer  of  the  Deck. 


L Supervise  the  snorkel  shutdown. 


2.  Compensate  the  ship  by  pumping  approximately  8, 
Tanks  to  see. 


1.  Press  'snorkel  shutdown'  button.  Observe  that 
No  Is  shut. 


2.  Shut  the  outboard  Indudlor  valve. 


k 


J.  Turn  head  valve  control  switch  to  CLOSED.  Turn  4 
'STRAIGHT  BOARD'  to  Diving  Officer  of  the  Watch. 


1 1 ver  the  Snorkel  Mast. 


L Shut  the  Ithoard  Indudion  reive  (VH-31  and  secuii 
Fan.  *L  | 

1 lock  shut  the  outboard  Induction  valve  (VH-Z)  whafj 
1 Shut  the  head  valve  control  air  supply  valves  (ALPS 


L Secure  the  diesel  engine  In  accordance  with  £ngi 
Procedures. 


& Check  shut  the  outboard  engine  exhaust  valve. 

).  Rig  diesel  engine  and  assodated  systems  for  nore 
accordance  with  Engineering  Department  operating  Pro 
Maneuvering,  'DIESEL  SECURED'. 


L Shut  the  Inboard  engine  exhuust  valve  when  the 
2.  lack  shut  the  outboard  engine  exhaust  valve  after  j 
y,  line  ur  damper  D*3  to  Recirculate. 


WPPPPiiPiPiPPWWiWW 


M 1C tO  Operations,  Inspections,  Recordings,  Etc) 

Communication  Responsibilities 

Tho  Officer  at  the  Dock  shall  have  the  word  passed  twice  ovar  the  MAC,  'COMMENCE 

SNORKLING'.  This  order  will  Initiate  the  following  action: 

action  opened. 

roidmstety  1,000  pounds  Into  Depth  Control  Tank. 

a outboard  Induction  valve. 

2.  Whan  snorkel  vat*  Indication  Is  correct  report,  'NORMAL  SNORKEL  IOAK0'. 

1 When  snorkel  conditions  an  satisfactory,  order  the  Lea  Helmsman  to  dirad  all 
compartments  to  secure  the  phones. 

Ittpply  Fan  (Fan  #1)  In  Fast  Speed. 

jrith  sir  In  accordance  with  Engineering  Department 

irt  gage  and  contlnua  blowing  until  pressure  drops  and 
■ exhaust  line  CAUTION:  DO  NOT  SECURE  BLOW  UNTIL 

J.  Inform  the  Diesel  Engine  Watch  that  the  mast  is  Mown. 

| ensure  that  the  outboard  Induction  and  Inboard  angina 

f 

pass  button  and  start  the  dltsal  engine  In  accortonce  wNh 
rating  Procedure. 

3.  When  engine  has  boon  staged,  report,  'DIESEL  RUNNING'  to  tho  Engineering 

Offlcar  d the  Watch. 

. 4.  Whan  tha  dltsal  Is  warmed  up  and  the  breaker  control  Is  In  the  'CLOSE 

PERMISSIVE'  position  report,  'DIESEL  READY  FOR  LOADING'  to  tho  EOOW. 

pried  ready  for  loading.  11  should  bo  loaded  unless 

Hear  of  the  Deck. 

L When  the  diesel  engine  Is  running,  report,  'SNORKELINC'  to  tho  Officer  ef  the  Deck. 

L When  ordered  ky  the  Chief  of  the  Watch,  dlnd  all  compartments  to  secure 
their  phones. 

The  Offlcar  of  tho  Dock  shall  hava  tha  word  passed  over  tho  1MC,  'SECURE 

SNORKLING'. 

Ihutdown. 

y pumping  approximately  8,000  pounds  from  Depth  Control 

3.  When  report  ts  rocolvod  from  the  Chief  of  the  Watch,  raport  to  the  Officer  of  the 

Oack,  'SECURE  FROM  SNORKEllNG.  RECIRCULATION'. 

in'  button.  Observe  that  the  outboard  angina  exhaust 

l 

(chon  valve. 

||  switch  to  CLOSED.  Turn  off  olodrodi  hootors.  Report 
| Officer  of  the  Watch. 

1 

5.  Report.  'SNORKEL  MAST  IS  DOWN'  to  tho  Offlcar  of  tho  Dock. 

*.  Report  to  tha  Diving  Offlcar  of  tha  Witch,  'SECURED  FROM  SNORKEL'  whan  tha 

NAV CENTER,  Operations  Comportment,  and  Maneuvering  hava  reported  secure. 

tUon  vatv#  (VH-3»  and  secure  the  Main  Induction  Supply 

j, Induction  valve  iVH-2)  when  It  Indicates  shut. 
jjMrol  air  supply  valvas  (ALP  239,  240.  244  and  245). 

3.  Report  'OUTBOARD  INDUCTION  VALVE  SHUT  AND  LOCKED,  INBOARD  INDUCTION 

SHUT'  to  the  Chid  of  tho  Watch, 

M In  accordance  with  Engineering  Department  Operating 

N angina  exhaust  valve. 

ilsociated  systems  for  normal  submerged  running  In 
(Department  Operating  Procedures.  Report  to 
(RED1. 

^a  exhaust  valve  when  the  diesel  engine  Is  secured, 
j engine  exhaust  valve  after  It  indicates  SHUT. 
fRadrculato. 



4.  Rtoort,  'OUTBOARD  INDUCTION  VALVE  SHUT  AND  LOCKED,  INBCARD  ENGINE 

EXHAUST  VALVE  SHUT,  RECIRCULATING'. 

SECURED  FROM  SNORKEL'. 


Compartment  Watches  shall  raport  whan  rigged  for  snorkel  a.  follows: 


WATCH 

Torpedo  Room  Walch 
Dufy  Cook/Massman 
Alula  Control  Cantar  Watch 
munch  Operations  Station  Witch 
Auxiliary  Machinery  Room  f 1 Watch 
Aulllaryman  Aft 
Dtsol  Generator  Watch 
Engine  Room  Supervisor 
Electric  Plant  Control  Panel  Watch 
Eng’neering  Offlcar  of  the  Watch 


CIRCUIT 

REPORT  TO 

JA 

Control  Cantor 

JA 

Control  Center 

JA 

Control  Center 

JA 

Control  Center 

JA 

Maneuvering  Room 

2JV 

Maneuvering  Room 

2JV 

Maneuvering  Room 

2JV 

Maneuvering  Room 

2JV 

EOOW 

JA 

Control  Confer 

li :,wu  -.Vi  J wsTua/atvif  iAtli 


-iS*aiLx>Aua  'ni'AV 


. -fVr-r.W  frdfrT.Vfr  ^ 
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Table  III-A-22  Battle  Bill 


GOGUL  HTOMMTION 


to  The  primery  alsale*  to  the  ship  la  to  dtolver,  whin  directed,  ktoUstk  missile 
attacks  against  assigned  targets.  Ml  «th«r  assigned  tuts  ire  secondly.  Ttw  Battle 
•IN  It  Assigned  to  provide  the  mod  sffectlve  organliatlon  for  conducting  ballistic 
missile  attacks  wttt>  concurrent  minus  to  employ  the  torpedo  battery  tor  mV  defense. 

In  edition,  H prorides  the  most  effective  organisation  for  delivering  e torpedo  attack 
If  that  function  becomes  primary. 

to  The  Battle  Bill  will  be  Implemented  tor  all  missile  launch  operations,  actual  or 
ibnulatoi  and  tor  torpedo  firing  operations,  conducted  concurrently  with  or  separately 
Mem  missile  attack  operations. 

dThe  Battle  Bill  may  be  Implemented  when  conations  of  sped  it  hazard  to  the  ship 
stoat  or  m foreseen. 

C Bsttb  Organization.  WVwn  the  Battle  Bill  Is  Implemented  the  following  stations 
wltt  bo  manned  by  personnel  designated  in  the  Watch,  Quarter  and  Station  Bill. 

STATION  COMMUNICATION  CIRCUIT  MANNED 

a.  Ship  Control  Party 
(!)  Central  Room 


STATION 
Ml  Intone  Haem 


engineering  Welch  Supervisor 
Engine  Room  Supervisor 

Englno  Room  Upper  Level  Witch  i 

Engine  Room  Upper  Level  With  IPhone  Talker) 

Engine  Room  Lower  Level  Welch 

Engine  Room  Lower  Level  Witch  (Phone  Talker) 

Emergency  Propulsion  Motor  Operator  \ 

AuxHlerymen  of  tho  Witch  Alt 

Engine  Room  Aft  Watch 

Stoam  Plant  Gauge  Board 

Engineering  Lab  Technicians 

Auxiliary  Electrician  Aft 


Ml  Auxiliary  Machinery  Paom  No.  1 


AMR  II  Watch 
T otophone  Talker 

•AMA  fl  Lower  Level  (Hovering)  Witch 


OfNcer  to  the  Deck 

Attack  Coordinator  NKMUS 

DMng  Officer 
Chief  to  the  Welch 

BCP  Missile  Compensation  Pinto  Operator  KUC 

AuxHiavyman  to  the  Watch  Forward 

Auxiliary  Electrician  Forward 

Hehnsmm 

Ptanesman 


(N  Auxiliary  Machinery  Room  No.  2 | 

Upper  Level  Witch  1 

Upper  Level  Telephone  Talker  | 

Lower  Level  Watch  ',j 

Feed  System  Gauge  Board  Watch  j 

ffi  lector  Compartment  Tunnto  \ 

Sight  Glass  Watch  \ 


Lee  Helmsman 

ECMfRsdK  Operator 

Periscope  Assistant 

Sente  Status  Board  Operator 

BUS 

Periscope  CamenfTaps  Recorder  Oparator/Logs 
Telephone  TaHter 

Messenger  (Lee  Helm) 

Quartermaster  to  tre  Watch 

JA 

<l>  Redto  Room 

Caawaunlctoions  Officer  (May  be  in  Redo  or 

Attack  Center) 

Cam munkto Ions  Supervisor 

Redto  Operators  01 

0)  Maneuvering  Room 

Engineering  officer  to  the  Watch 

Realtor  Plant  Control  Panto  Operator 

Electric*)  Plant  Control  Panto  Operator 

Steam  Plant  Control  panto  Ops  rat  or 

Totaphano  Talker 

2JV 

BoR  Recorder 

JA 

b.  Nevtgatian  Party,  Nevigetlon  Center 

Navigator  'i 

Navigation  Electronics  Chief 
Navigation  Consols  Operator  ’ 

Loren  C Operator  t 

BQN-3  Fathometer  Operator  } 

SINS  Technician  1 

Telephone  Talker  j 

Netogatton  Center  Technician 

c.  Mlsalle  Party  . 

0)  Miasito  Control  Center 

‘Missile  Central  Officer 

Fire  Control  Supervisor  1 

ITOPfRecorder 
‘Computer  Group  Operator 
‘Comifutor  Grow  Operator 
‘Missile  Test  and  Readiness  Equipment  *7  Operator 
*Mbtote  Tost  and  Readiness  Equipment  #6  Operator 


Ntok  • M manned  tor  Battle  Stations  Toq 
- Nto  manned  tor  Battle  Sttotant  Ml 


fcnonncl 

r Command  Responsibilities  1 General  information  ’ 

Actions  (CAD  Operations,  Inspatl 

000 

2.  Sound  ths  Gtntrto  Alarm. 

A Coordinate  the  quiet  and  expeditious  manning  q 
tho  Commanding  Ofllcer  when  manned.  j 

'■ 

J 

&amm 


WML  INHUMATION 


COMMUNICATION  CIRCUIT  MANNED 

STATION 

<8  Mhalle  Compartment 

COMMUNICATION  CIRCUIT  MANtCD 

Supervisor 

•Mfselto  launch  Officer 

MIC 

tvUor 

f Level  Watch 

i Urel  Watch  (Phone  Talker)  2JV 

MIMta  Launch  Supervisor 

Launcher  Control  Panel  (l  Operator 
'launcher  Control  Panel  #2  CperMor 

MU 

• level  Watch 

‘Upper  Level  Missile  Control  Teem  #1  0) 

MSJ 

Uvel  Watch  (Phone  Talker)  2JV 

Upaer  Level  Missile  Control  Turn  K 0) 

X4U 

Li  Motor  Operator  JA 

•lower  Level  Missile  Control  Teem  PI  <21 

MSJ 

| Watch  Aft 

'lower  Levs:  Missile  Control  Teem  #2  (2) 

MU 

idch 

Board 

'Optical  Alignment  Group  Operator 
'Optical  Alignment  Group  Operator  Assistant 

MSJ 

thnklens 

•Fire  Control  Switchboard  Operator 

MU 

R Aft 

MMdta  level  Roving  watch  Phone  Tatar 

JA 

Room  No.  1 


f 


(Hovering)  Watch 
Room  No.  2 


an*  Talker 


11V 

JA 

2JV 


f Board  W*:h 
i Tunrtal 


fton  Cantor 


let  Chief 
kOprrator 


2JV 

tM 

MIC 


MlCM«i 


fachnldan 


her 

Mjcncoj 

Msor 

MUCJXOJ 

MU 

lentor 

MU 

Meador 

MU 

Mdlness  Equipment  *7  Operator 

MU 

iadlness  Equipmant  «B  Operator 

MU 

W marmot  tor  Battle  Stations  Torpedo 
M manmd  (or  Battlo  Station*  Mlsslto 


4 Torpedo  Party 
(1)  Attack  Canty 


MX  1U  Analyiar  Oporator 

MX  1U  Position  Xeepvr  Oporator  BUS 

MR  113  Firing  Panel  Oporator  UP 

MX  IIS  Torpedo  Control  Consol*  (MX  OS  only) 

Firm  Control  Co-ordinator  BUS 

PM  Co-ordinator  BUS 


Tin#  Staring  PMtor 
TM#  Staring  Evaluator 
Geographic  PM  Evaluator 
Geographic  PMttr 
Tim*  Rang*  Platt#? 

Contact  Evaluation  Hotter 

•taring  Recorder  BUS 

« Torpedo  Room 

“Torpedo  ORicar 
Torpedo  Launch  Suptrvlior 
“Torpedo  Tuba  Operator  (1) 

Toronto  Room  Phone  Talker  JA 

“Reloed  Party  Suparvisor/SIgnal  Ejector  Operator 
“Reload  Partv  (4) 

TerpMto  Fire  Control  Phone  TaHmr  UP 

01  Sonar  Room 

Sonar  Supervisor  BUS 

•QR-T  Operator 

•OR -2  Operator 

IQS -4  Operator 

SOO-)  Operator 

a.  Bemage  Control  Parly 
(1)  Forward  Party.  Crew1*  Mas* 

Petty  Officer  In  Charge 

Tetaghone  Talker  JA 

Medkal  Officer 
Ratings  Assigned 

<8  Alter  Party  Engine  Room 

Petty  Officer  In  Charge 

TMephrn-;  Talker  JA 

HwpiLat  Corpsman 
Rating*  Assigned 


^Actions  (CBD  Operations,  Inspections,  Recordings,  Etc.) 

Communication  Responsibilities 

pvaral  Alarm. 

|p  quiet  and  expadltious  manning  of  BattN  Stations  and  report  to 
piker  when  manned. 

Te  implement  the  Battle  Bill  the  Officer  of  the  Deck,  when  directed  or  when 
required  lor  ship's  safety,  shell: 

L Pais  the  word  m the  IMC,  “MAN  BATTLE  STATIONS,  MISSIU  lor  TORPEDO)'.  j'Jy 

X Pass  the  word  on  the  IMC.  'MAN  BATTLE  STATIONS,  MISSIU  lor  TORPEDO!'. 

■ 

^ rernar  wm^awmmtaMMaMgydMBattMdtahiiaBiaHN^r 


Command  Responsibilities  I General  Information 


Actions  iCftD  Operations,  Inspi 


000 


Table  III-A-22  (Continued) 


Coordinator 


Whon  Implementing  tho  Battle  Bill  tor  toi 
launching  and  until  relieved  of  tha  CONN  by  tho 
tho  Dock  shalb 

L Maneuver  tho  ship  to  avoid  dat action,  rigglndfl 
Condition  H required. 

L Inauro  tho  tracking  el  ship  contact*  and  prod 
Sonar  Coordinators 


=i 


L Coordlnato  tho  us*  ol  sonar  search  equip 
l Direct  the  preparation  at  the  torpedo  battery  f| 
Designate  tube  firing  order  and  ejection  meUi§ 

Select  optimum  mod**  for  the  torpedo  to  bo 
functions  be  set  In  tha  firing  panel. 

Whon  directed,  order  tubes  made  ready. 

Whon  directed,  order  outer  door  opened  on  N| 
Whon  directed  to  commence  firing: 

Order,  'STAND  BY  TUBE . 

'MATCH  BEARING  AND  SHOOT  N 


Determine  optimum  deflection  angle  and  m 
TARGET  SPEED  . MATCH  BEARING  AND] 


L Operate  the  Position  Keeper  to  determine  am] 

X When  directed  to,  'MATCH  BEARING  AND 
Into  position  keeper  and  report  'SET'  to  Weapons  i 


Tiro  Control 
Position 


t Supervise  tho  operation  of  the  Firing  Panel. 


Flro  Control 

Anofyxer 

Operation 


Determine  optimum  deflection  angles  and 


Saner  PM 
Coordinator 


L Supervisa  the  sonar  platting  party  to  obtain  M 
rang*,  bearing  rata,  range  rate,  course,  speed  an 

l Provide  target  Information  to  position  Keeper  j 


enlij 


rwnm 


L Make  settings  as  dtrsdad  by  the  Attack  0 

t Man  IIP  phone  circuit  between  Attack  G 
preparation  and  firing  of  torpedo  tubes. 

X Ensure  correct  settings  mad*  on  torpedo  throf 
MBVi^Ov  rpifi  uptritor* 

K Upon  receiving  TUBE READY  IN  All) 

supervisor.  ~ j 

Ensure  linear  and  angular  spread  knobs  fjj 
Position  Firing  Tube  Select  Swlthch  to  d* 
Check  firing  Interlocks  closed  light  'ON',  ' 
Position  firing  key  to  'STAND  BY*. 

Check  firing  Interlocks  closed  light  Is  ftmjj 
7.  When  Wrocted  to  'MATCH  BEARING  AND  SHf 


Generated  or  ardated  gyro  angle  Is  sdt  In 
Position  Keeper  Operator  reports,  'SET. 


Torpedo 

Launch 


L When  directed  make  ready  designated  tubes  I 
Deportment  Operating  Procedures. 

2.  Supervise  the  operation  of  the  MK  19  Weapai 
X Direct  and  supervise  torpedo  reload  when  ofj 


L When  dlrectod  by  the  Firing  Panel  Operator  1 

Turn  on  Tub*  Warm-up  Switch  for  dsslgl 

Monitor  Error  and  Limit  Indications  and  j 
errors.  If  any.  to  Firing  Panel  Operator  and  1 

Monitor  TLOOO  TUBE:  'OPEN  POOR',  'SI 
Mcations  and  orders  to  Torpor*  Launch  Supl 

When  'STAND  BY*  Indicator '■*  lighted  aai 
reports  the  UP  Phone  Talker  will  report  'St|j 

v 

It  tub*  falls  to  fire  or  It  'NEXT  TO  FIRP  i 
reason,  iiiform  Firing  Panel  Operator  and  dtgjl 


wav  vuj 


s (CIO  Operations,  Inspections,  Recordings,  Etc) 


fig  the  Battle  Bill  lor  torpedo  firing,  not  concurrtnt  with  Mtssll* 
Waved  of  tho  CONN  by  the  Commendng  Officer,  tho  Officer  of 

Ip  to  avoid  (Miction,  rigging  lor  wproprlate  Sllont  Running 

thg  of  ship  contacts  and  provide  target  Information  to  Attack  and 


pa  of  sonar  search  equipment  and  lire  control  party  tracking. 
Won  a I the  torpedo  battery  lor  firing  as  foilowa: 
ring  ordar  and  ejection  method. 

lodes  lor  the  torpedo  to  be  employed  and  direct  that  necessary 
d firing  panel. 

inter  tubas  made  ready. 

Oder  outer  door  opened  on  first  tuba  to  be  fired. 

) commence  firlngt 
\ BY  TUBE . 

Pi  BEARING  AND  SHOOT'  If  firing  with  generated  gyro  angle  er. 

jipum  deflection  angle  and  ordar  SET  ACB , RANGE 

| MATCH  BEARING  AND  SHOOT'.  “ 


Don  Keeper  to  determine  and  maintain  the  best  target  solution. 

L 'MATCH  BEARING  AND  SHOOT,'  set  accurate  sonar  bearing 
Id  report  'SET'  to  Weapons  Order  Generator  Operator. 


deflection  angles  and  advise  Attack  Coordinator. 


pier  plotting  party  to  obtain  best  solution  ol  target  bearing 
ifange  rata,  course,  speed  and  target  zigs. 

alien  to  position  Keeper  Operator  and  Attack  Coordinator. 


it 

* 


ready  designated  tubes  In  accordance  with  Weapons 
adures. 

lion  of  the  MK  If  Weapons  Monitor  Pans*, 
torpedo  reload  when  ordered. 


i the  Firing  Panel  Operator  to  'MAKE  READY*  a specific  tuboi 
Warm-up  Switch  for  designated  tube. 

and  Limit  Indications  and  report  function  and  magnRuda  of 
Bring  Panel  Operator  and  Torpedo  Launch  Supervisor. 

TUBE:  'OPEN  DOOR',  'STAND  BY\  and  TIRE',  lights,  relaying 
rs  to  Torpedo  Launch  Supervisor. 

BY1  Indicator  is  lighted  and  the  Torpedo  Launch  Supervisor  se 
None  Talker  will  report  'STANDING  BY  TUBE . 

fire  or  If  'NEXT  TO  FIRE'  sequencing  does  not  occur  for  any 
Panel  Operator  and  depress  'TUBE  FIRED'  button  when  ordered. 


lII-82 


^mmm 


wm**wnr epwwswNWfWff  fwjvy'y'Fw*.  .•»-?»■  >-  -«^.w>>i< 


Personnel 


Command  Responsibilities  I General  Information 


Table  III-A-22  (Concluded) 


p=ai 


L Supervise  the  readiness  for  Implementing  tarprdo  filing  procedures.  ensuring 
The  test  usage  of  sonar  saarch  equipment. 

Tha  desigratian  of  ship  contacts  and  that;  tracking. 

2.  Kaap  the  < Coordinator  appropriately  Informed. 


fire  Control 
Supervisor 


L Inmate  stops  to  sat  CONDITION  ISO  utilizing  tha 
NAVORD  OD  305*3. 


Wagons  Procedures  of 


I MtSSIlE  LAUNCHING  | 


Actions  (CM)  Operations,  Inspectl 


L Assume  tha  CONN. 

X Mred  tha  DMng  Officer  to  'COMMENCE  H0V1 
4.  Maintain  tfract  control  of  missile  launching. 


L Adalsa  tha  Commanding  Officer  concerning  ti 
2.  Assist  tha  Commanding  Ofllcar  In  tha  direct 


fc- 


informing  him  of  scheduled  times  available  lor  ml 
1 Coordinate  missile  launching  procedures,  an 
The  selection  and  resetting  of  MASTER  SINS. 

Tha  bast  fire  order  sequence,  including  rwi 
considering  target  priorities. 

Tha  passing  of  timely  information  to  the  MissH 
preblsmi  or  other  difficulties  Electing  launching. 

4 Supervise  the  preparation  of  post-launch  n3e 
X Direct  Urgent  damage  control  manures. 

X As  practicable,  man  the  UUC  circuit  to  tha 


t Maneuver  the  ship  to  proceed  to  missile  lau 

X Slow  tha  ship  as  necessary  to  obtain  minima 
DMng  Officer  to  'PREPARE  TO  HOVER'. 

X Insure  the  tracking  of  ship  contacts  and 
and  Sonar  Coordinators. 


I.  OMajn  a minimum  rnaad  trim  at  missile  lau 

4 When  directed  to  commence  hovering,  order  If 
opened  and  employ  the  depth  control  equipment  to 
launch  dfoth.  Keep  the  Commanding  Officer  advi: 
maintaining  depth. 

X When  actual  missile  launches  are  to  be  condu 
Compensating  Panel  Operator  to  'LINE  UP  THE  MIS 


L Whan  ordered  to  prepare  to  hover,  line  up  heqj 
X When  dkactad,  open  the  hoverin;  system  sea  d 
X Operate  trim  system  as  directed  by  the  Diving  I 


L Determine  the  action  required  within  the 
best  position  end  heading  data  to  the  missile  lire  < 

X With  the  approval  of  tha  Attack  Coordinator  a 
Officer  advised,  initiMe  required  action  to  correct 


L Coordinate  the  quiet.  tipedHious  manning  of  N 
Party  personnel  and  report  Mlssite  Party  manned  tt> 

t When  traded  to  set  CONDITION  1SQ,  stipend* 
ordered  condHIon  within  tha  missile  and  fire  contra 
wNh  Warns  Procedures  of  NAVORD  00  30583. 


X Report  any  difficulty  encountered  and  recommH 


TORPEDO  FIRING 


X Assume  the  CONN.  ] 

t Maneuver  the  ship  to  attain  optimum  firing  pij 
X Direct  tubes  .new  reedy  for  firing. 

4 Dirort  torpedo  tube  outer  door  openo4  j 
X Dirtd  firing  of  torpedoes. 


MISSILE  LAUNCHING 


s (CM  Operations,  Inspections,  Recortngs,  Be) 


pet 

Mng  Officer  l»  'COMMENCE  HOVERING'. 

Id  control  ol  mlssll*  Munching.  


jttnmanding  Officer  concerning  tht  missiM  Munch  directly*. 

jMamanrflng  Officer  In  tht  direct  control  of  missile  Munching, 
scheduled  tlm«s  avaiMbM  lor  mlssll*  Munching. 

idtsIM  launching  procedures,  ensuring 
I and  resetting  ol  MASTER  SINS. 

^ order  sequence.  Including  rwisions  for  casualties  and 
| priorities. 

M timely  information  to  the  Missile  Party  concerning  ship  cortrel 
fdMficutties  aNeding  launching. 

i*  preparation  ol  post-launch  radto  reports. 

I, 

(tt  denage  control  measures. 

|a,  man  the  HUC  circuit  to  the  periscope  center. 


p ship  to  proceed  to  missiM  Munch  depth  and  optimum  heading. 

Ip  as  necessary  to  obtain  minimum  spaed  trim  and  direct  the 
'PREPARE  TO  HOVER'. 

Inciting  of  ship  contacts  and  provide  target  Information  to  Attack 
Instore. 


IMmum  speed  trim  d missile  Munch  depth. 

Jr  • 

to  commence  hovering,  order  the  hovering  system  sea  vatvo 
the  depth  control  equipment  to  maintain  the  ship  at  missile 
leap  the  Commanding  Officer  advised  of  difficulties  encountered  in 


I 


missiM  Munches  aro  to  be  conducted,  direct  the  BCP  Missile 
Operator  to  'LINE  UP  THE  MISSILE  COMPENSATING  SYSTEM'. 


to  proper*  to  hover,  line  up  hovering  system  for  aporalion. 

4,  open  the  hovering  system  see  valve  and  commence  hovering, 
system  as  directed  by  tha  Diving  Officer. 


action  required  within  the  Navigation  subsystem  to  provide  the 
heading  data  to  the  missiM  fire  control  system. 

val  of  the  Attack  Coordinator  and  keeping  tha  Missile  Control 
late  required  action  to  correct  position  and  heading  dau. 


Mi 


quiet,  emrftious  manning  of  BattM  Station!  by  Misi'M 
nd  report  MissiM  Party  manned  to  the  periscope  center. 

id  to  set  CONDITION  1SQ,  supervise  the  expeditious  setting  of  LI 
within  the  missiM  and  fire  control  subsystems  in  eccordsnco 
Heduree  of  NAVORD  00  30583. 

Ry  encountered  end  recommended  corrective  action. 


by  the  Diving  Officer,  for  actual  launch  operations,  operate 
ing  System  In  accordance  with  Womens  Procedures  of 


CONN. 

M ship  to  attain  optimum  firing  position, 
made  reoft  for  firing, 
fetube  euter  door  opened. 

Of  torpedoes. 


Communication  Responsibilities 


2.  Hen  the  word  passed  on  tht  lOJC,  'SET  CONDITION  1SQ,'  ffOR  WSRTI, 


Z.  Sfhsri  s.'ocMs  to  prspsrs  to  hover,  order  the  Chief  ef  the  Wstch  te  fSEPARE 

TO  HOVER*. 

3.  When  In  all  respects  reedy,  report  'READY  TO  HOVER'  to  the  Committing 
Officer. 


4 Advise  the  Attack  Coordinator  of  system  stilus  and  recommended  action. 

4.  Report,  NAVIGATION  SYSTEM  READY*  on  tha  ACIP  by  10JC  phonos  to  the 
attack  enter. 


L Tost  communications  with  launchar  and  report  'MANNED  AND  READY*  to  the 
Chief  ef  the  WMch. 

3.  Report  NfflcuRies  encountered  In  compensating  system  operation  to  the  Diving 
Officer  and  the  MissiM  Launch  Supervisor. 


)> 


i 


fc 

t 

>y 


p 


t: 


Table  III-A-23  General  Emergency  Bill 

tf  In  casualties  (tall  be  casualties  shall  la  categorized 

under  the  following  type*. 

L General  Emergency  - Emergency  Ship  recovery,  Fire,  high  radiation  In  torpedo 
iw,  tadc  gas,  psssive  Mans#,  torpedo  emergency,  major  primary  cootont  ieefc,  high 
rtialan  In  anglnaaring  spaces. 

2.  CuMskmlFlootf ng  Emergency  • Collision  is  Imminent,  hat  occurred  ar  a 
fleeing  casualty  has  occurred. 

X ho mar  Plant  Emergency  - Major  stoem  Ml 

4 Missile  Emergancy  - A potential  or  actual  major  casualty  to  i mlssil*  ar 
rotated  system  which  endangers  personnel  or  hazards  the  ship  or  vital  equipment 

M Ship  or  Department  Bills  znd  Cosurety  Procedures  shall  set  forth  the  craei 
adlan  to  be  taken  undereach  of  the  aforementioned  -smeigencies.  In  addition,  a 
compartment  check-off  shall  be  posted  in  each  compartment  stating  tht-  action  te  be 
token  In  that  compartment  in  vhe  event  of  each  emergency  and  in  accordance  with 
the  procedures  and  guidance  given  in  the  SSORM  for  that  bill. 

The  Officer  charged  with  ttw  responsibility  for  the  particular  emergency  bit!  Is 
raapnslbli  for  maintaining  the  corresponding  compartment  check-offs. 

to  The  general  concept  of  treating  emergencies  is  to  immediately  take  those 
actions  which  will  enhance  the  ability  of  the  ship  to  minimize  the  efforts  of  the 
emergency.  Actions  which  are  common  to  all  emergencies  include  establishing 
communications,  getting  sufficient  qualified  people  to  the  scene,  and  securing  non- 
essential  avotutions,  particularly  those  which  ere  potentially  hazardous  and  could 
therefor#  compound  the  casualty.  The  emergency  bills  have  been  written  as  though  the 
ship  ts  submergad  ar  the  time  the  emergency  occurs.  If  th«  ship  is  actually  surfaced 
certain  steps,  such  as  those  pertaining  to  depth  control,  are  obviously  orr  ittadL 


OOD 


Command  Responsibilities  f General  Inform.**! or. 


6.  When  relieved  of  the  Conn  by  the  Commending  Office;'  act  as  assistant  to  the 
Camtwandlng  Officer. 


4.  Bo  prepared  to  surface  or  go  deep  whan  ordered. 


COW 


2.  Supervise  handling  of  the  emergency  from  Coot  rot  until  retimed  hy  an  offlcar. 


EDOM 


Eaacuthm 

Office 


Engineering 

Officer 


6SJCRAL  INFORMATION 


to  It  Is  Important  to  remember  that  a 'standard' 
emergency.  Actual  emergencies  an  unoreoictable  trui  i 
unearertvd  and  unplanned  for  element  The  emergen 
the  problem  ?n6  minimize  the  probability  of  compounds 
the  emergency  successfully  requires  the  exercise  of 
coordinated  efforts  in  end  intelligent  manner. 


to  Alarm*. 

!he  tattooing  alarms  shall  to  used  to  signal  thri 


IdantlM 

Alarm 

Control  Station 

Shaped 
Lever  Al 

CoVtton  Alarm 

(Various  locations) 

Siren  1 

Red  sta| 

Misaito  Fmargancy 

Launcher 

Fast  Jtai 
•Orange* 
shapafl| 

Conerd  Alarm 

Control  Canter  O 

Conp  t4 

(Yeltot& 

Shaped^ 

Pewsr  Plant 

Eaxcrgmcy  Alarm 

Manouvorlng  Room 
Control  Center 

ii 

Actions  rCtO  Operations,  lni)j 

2,  Issue  ship  control  orders  as  necessary  to  ) 

4 In  case  of  a Propulsion  Plant  Casualty,  re 
to  safely  control  the  ship. 

4 If  suomtrged  below  120  feet  proceed  to  UQj 
Bo  ready  to  proceed  to  snorkel  depth  cx  surface  t*j 
emergency  is  uch  that  snotkiling  or  ventilating  | 

L Immediately  take  appropriate  action  as  “«3I 
asw  trim  eng  to. 

2.  Secure  srewtaiing  and  ventilating. 

•l 

J.  Shut  outboard  and  Inborn*  inductions  and.' 

securing  SNORKELING/VENTIIATION. 

— '■  ■ — *■' 

V Ensure  JA  phones  era  manned  in  Control  < 
to  moln  the  phonos. 4 

Taka  charge  of  the  emergency  end  supervise  j 
af  the  Engineer  Officer-  (Qua  to  the  location  of  N 
original  action  to  combat  the  tmergsney  shall  be  S 
engineering  spices). 

Rcrwst  Control  to  send  the  Damage  Control  ; 
N addHtoito  manpower  is  needed  to  combat  the  cal 


Ft  tfher  plant  casualties  such  as  e reactor 
E09W  Wtall  carry  out  tht  applicable  Engineering  C 
(«tro(  Aa  the  7MC  of  the  casualty  and  of  the  lie 

2.  For  any  shipboard  emergency; 

Secure  the  battery  charge  K in  progress. 

Secure  the  diesel  engine.  Consideration  mu 
toatritutien  lineup. 

Shut  the  outboard  and  Inboard  dleset  axhaud 

flat*  the  electrical  plart  in  the  moot  secure 
Director  Plant  Manual. 

1.  Proceed  to  the  scent  of  the  casualty  to  M 

the  emergency. 

L If  the  casualty  Is  in  the  Engineering  Spaq 

2.  II  ttw  cattish,  Is  In  any  ether  spice  prei 
JA  phones  and  direct  the  overall  operation  at  shlg 


n n^»*i«gvrweB**w 


COOAL  Ilf ORMAVKM 

i remember  that  « 'standard*  solution  it  not  possible  lor  an 
gencies  art  unpredictable  and  usually  Introduce  some 
i tor  element  The  emergency  hills  are  designed  to  localize 
f the  probability  ot  compounding  the  problem.  Combatting 
Uy  requires  the  exercise  at  judgement  end  the  application  ot 
I intelligent  manner. 


shalt  bt  used  to  signal  the  indicated 
Identification 


Control  Station 
(Various  locations) 

Launcher 

Control  Center  0 


Contact  box  color 
Shape  ot  contactor 
Laver  Arm 

Siren 

Red  star  shaped 

Fast  Jump  Tone 
(Orange,  round 

shape* 

Gong  Tone 
(Yellow,  round 

Shaped 


Collision  x 
F looting 

Missile  Emergency 


Maneuvering  Room  Slow  Jump  Tone 

Control  Center  (Pink  Tee  Shape* 


Fire,  General 
Emergency,  Passive 
Defensive,  Toxic  Gas 
Battle  Stations 

Major  Steam  Leak 


• Bmnbi  Control  Party  Organization 

1.  Information.  The  control  ot  ifcmage  on  a submarine  Is  always  an  all  hands 
anoSuban.  It  is  of  the  utmost  importance  that  ail  personnel  in  the  vicinity  ot  an 
emergency  take  immediate  action  to  bring  it  under  control  end  minimize  damage. 

AddRionaily,  in  order  to  ensure  the  immediate  presence  ot  wupport  personnel  whose 
knowledge  and  training  will  bt  valuable  hr.  the  control  at  damage,  two  highly  trained 
damage  control  parties  will  be  organized 

2.  Organization.  Tho  Damage  Control  Party  shall  bt  so  organized  th*  any 
emergency  can  bt  effectively  combatted  by  the  personnel  designated.  When  at  Battle 
Stations  x when  any  emergency  alarm  is  sounded,  the  designated  members  of  the 

damage  control  parties  will  proceed  as  follows;  At  Battle  Stations,  the  forward  Damage  Control 
Party  wiH  muster  in  the  crew’s  dinette,  and  the  Alter  nonage  Control  Petty  w'll  muster  in 
AMR  #2. 


I Actions  (CAD  Operations,  Inspections,  Rerun* rigs,  EX) 


control  orders  as  necessary  to  minimize  the  effect  at  the  emergency. 

A Propulsion  W«h  Casualty,  reduce  speed  to  the  minimum  required 
• ship. 

below  120  'eel  proceed  to  120  foot  changing  speed  as  appropriate, 
to  snorkel  depth  x surface  expeditiously  if  the  nature  J the 
that  snxkaling  x ventilating  will  be  necessary. 


taka  appropriate  action  as  necessary  to  maintain  ordered  depth 
tiling  and  ventilating. 

rd  and  Inboard  inductions  and  ventilation  enhaurt  valves  tfter 
KS/VENTILATION. 


phones  are  manned  in  Control  until  the  designated  officer  arrives 


*3 

<4J 


Communication  Responsibilities 


L Have  the  nature  and  location  of  the  emergency  passed  once  over  the  IMC 
than  sound  the  appropriate  alarm  (tor  all  umergencies  except  Missile  Emergency),  and 
than  pass  tha  nature  and  location  of  the  emergency  one*  over  the  IMC. 

X.  Nobly  ships  In  the  vicinity  of  the  emergency,  as  necessary. 


L Fx  onwgandas  in  Enginaaring  Compartments: 

If  the  initial  report  is  received  In  Maneuvering  from  one  of  tha  engineering 
watch  stations,  tha  EOOW  first  repeats  the  Information  once  on  the  2MC  then  relays 
the  emergency  report  to  Control  vie  the  7MC  or  2 IMC.  Tha  EOOW  should  decide  on 
the  basis  of  the  circumstances  whethx  urgency  demands  that  he  initiate  activation  of 
aithx  tha  Collision  Alarm  or  the  powx  plant  casualty  alarm,  (i.e.  flooding  x major 
staam  leak).  If  so,  tha  EOOW  should  announce  the  nature  of  the  casualty  once  over 
the  IMC  befxe  activating  the  alarm  in  accordance  witr,  standard  procedures.  When 
a locally  activated  alarm  cycle  has  ceased.  Control  should  again  pass  the  word  on  tho 
nature  of  tha  casualty  owr  tha  IMC  to  ensure  >hat  the  entire  ship  has  been  infxmedl 

Advise  Control  on  requirements  fx  Emmgincy  Ventilation,  pumping,  ate,  when 
appropriate. 


tha  scene  of  the  casualty  to  bt  in  charge  of  and  coordinate  combating 


Is  in  tha  Enginaaring  Spacts  procatd  to  the  scone, 

y is  in  any  other  space  proceed  to  the  Control  Room,  mar,  tha 
the  overall  operation  of  ships  equipment  to  pest  control  the  cmogwiy. 


2.  Kero  the  Commanding  Officer  and  Officer  of  tho  Dock  Informed  of  all  majx  developments. 
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Table  Ih-A-22  (Concluded) 


Command  Responsibilities  I General  Information 


AH  Officart 
AH  Hands 


Actions  !CtO  Opo  rat  ions. 


L Procaad  to  tha  Missile  Compartment/Tr 
the  Hack  of  any  emergency  action  required  In 

t Tha  Assistant  Weapons  Offlcar  shall 


L Procaad  to  tha  Craw's  Mass  and  Map 
CondWons  Injurious  to  parsonnal.  Whan  ind 
will  loop  Informal  of  tha  status  of  the  atmospf 
Mfea  racommandations  to  the  Commanding 
Air  Iraathaing  CAB)  masks. 

2.  Provide  tor  tha  treatment  of  Injured 


L Procaad  to  tha  scene  and  assist  tha 


2.  Insure  that  off  active  communications 
emergency  and  CordroL 

1 M tha  Electrical  Officer  is  on  watch  thr 
tha  Main  Propulsion  Asiistcnt 


L Procaad  to  tha  Control  Carter  and  man 
for  tha  Engineer  Officer/Damage  Control  Asti 


X Direct  tha  shutting  of  Mtortigtit  doors. , 
use  of  EAI  intsks,  etc. 

4.  Mroct  the  operation  of  tha  ship's 
of  smote  er  todc  gas  is  minimized. 

5.  Insure  that  the  ConmaMdng  Offlcar  an! 

af  all  major  devetopmerts. 

A.  If  tha  emergency  is  in  at  hat  than  tha 
scene  and  assist  tha  Executive  Officer. 


fflfc 

It' 


L All  officers  not  specifically  assigned 
Control  Party  Staging  araas  or  to  appropriate 
aft  act  ad  by  tha  emergency,  taka  charge  of 
assistance.  During  casbalfias/imengancias  in 
IOOW  will  proceed  to  tha  Control  Cnatar  and 
Commanding  Offlcar  and  Officer  of  the  Deck. 

2.  Following  tha  sounding  id  Kty  ataorgoni 
imaef  slaty  perform  tlm  following  actions  andf* 
compartment  Mil  for  that  •mergency.  '] 

Shut  all  MiNdmed  Happen. 

Secure  compartment  recirculation  Mowers ' 
MCC,  Engine  Room,  and  AMRf2  tens  unless  teg 
particutar  .paces.  } 


Secure  Maading  oxygen  into  tho  ship.  I 

Shut  all  dxk  hatches,  including  fewer  hr! 

Mdardght  doors.*  5 

L COLL. SION  Olt  FLOODING  - Shut  and  I 
hatches  im^edidMy. 

I AU  OTHER  EMERGENCIES  - Watertight  1 
tha  location  and  aidant  of  tha  casualty  is  drsrg 
be  route  tha  Damage  Control  Party  to  tha  scum 
pre**nL  ;? 

X Tha  senior  man  In  each  compartmt  * |g 

Is  most  important  that  tha  senior  man  on  tha  b 
fact  that  ha  is  in  charge  known  to  all  others  Ot 
llfsctad  compartment  shall  evacuate  all  unnecag 
pauarad  phones  pro  manned  at  tha  Kona  as  aw 
each  u naff  acted  compartment  is  responsible  for 
teamid  tha  scene  of  tha  casualty  as  prescribed  I 


Actions  (C40  Operations,  Inspections,  Rseordlngs,  Etc. I 


lit  Missils  Compartmont/Tropedo  Room  and  adviu  tha  Olficar  at 
tftney  action  raqulrod  in  that  compartment 


6! 


Weapons  OH! car  shall  assist  tha  Weapons  Officer. 


Craw's  Mass  and  keep  thn  Commanding  Officer  informed  of 
[ to  personnel.  Whan  indicated,  tha  Medical  Officer  or  Corpsman 
I the  status  of  the  atmosphere  in  the  affected  compartment  and 
Km  to  the  Commending  Officer  concerning  tha  use  of  Emergency 
I masks. 

the  treatment  of  injured  personnel. 

he  scene  and  assist  the  Executive  Officer  In  combatting  the 


•cne  of  the 


inactive  communications  are  edaMIshod  t < 

K 

Seal  Officer  Is  on  watch  the  above  duties  v>-  ■.  be  pe<  formed  by 
l!  Assistant. 


i Control  Center  and  man  the  Ja  v >nes  to  act  as  a back-up 
ti'Damage  Control  Assistant  In  Control. 


hutting  of  watertight  doors,  isolation  of  equipment  or  systems, 

fc. 

P ratten  of  the  ship's  ventilation  system  such  that  the  spreeing 
is  minimized. 

E'  Commanding  ufficar  and  ihe  Officer  d U-e  Dwi  mi  informed 
*• 

y is  in  other  than  the  Engineering  Spices,  proceed  to  tho 
> Executive  Officer. 

*'Mt  specifically  assigned  duties  herein  shall  proceed  to  the  Damage 
hg  areas  or  to  appropriate  departmental  spaces  which  may  be 
wrey,  take  charge  of  emergency  action,  and  render  all  pc:sible 
f casuaKies/rmergencies  in  the  Engineering  Spaces  a qualified 
Is  tho  Control  Cncter  and  monitor  tha  ?JV  to  assist  the 
|r  and  Officer  of  the  Deck. 

i sounding  of  any  emergency  alarm,  AH  HANDS  shall 
f the  following  actions  and  than  follow  the  provisions  of  the 
that  emergency; 

I dappers. 

recirculation  blowers  and  pr«cipittons  except  for  NavCente? 
and  A MM2  fans  unless  the  casualty  i.  in  one  of  thou 


Fn  into  the  ship. 

, including  lower  bridge  hatch. 

IfM  FLOODING  * Shut  and  dog  all  watertight  doors  and  deck 

flBKROENCIES  - Watertight  doors  will  be  placed  on  the  latch  until 
pnt  of  tha  casualty  is  determined.  Doors  may  then  be  opened 
f>  Control  Party  io  tho  sunt  on  the  orders  from  senior  than 

Man  In  tach  compartment  is  in  charge  of  th*  compartment.  It 
■tat  the  senlot  man  on  the  scant  make  both  his  preunce  and  the 
Kharge  known  to  all  others  on  the  scene.  The  unior  men  In  the 
it  shall  evacuate  all  unnecessary  personnel  and  ensure  sound 
pmanned  at  the  scene  as  soon  as  possible.  The  unior  man  In 
ppartment  is  responsible  lor  mating  damage  control  equipment 
I the  casualty  as  prescribed  and  required. 


L If  tha  amtrgancy  Is  In  the  Engineering  Spaces  proceed  to  tho  Control  Center, 
man  the  JA  phones  and  direct  tha  overall  operation  of  ship's  equipment  to  host  control 
tho  emergency. 


2.  K m the  Commanding  Officer  Informed  of  all  significant  developments  and 
suspected  or  antlclpatid  damage  to  tho  ship's  systems. 


L The  first  and  primary  duty  at  the  man  discovering  tny  casualty  is  to  Inform 
the  appropriate  control  station  - Control  Center,  Maneuvering  Room,  or  Launcher  - 
of  the  emergency  and  location  via  voice.  MC,  or  sound  powered  phone.  He  must 
also  spread  tho  alarm  by  word  of  mouth  in  the  affected  compartment 

Man  designated  phone  circuit  In  the  below  listed  locations.  Maintain  silence 
an  the  circuit  except  when  originating  Information  concerning  the  emergency.  All 
stations  shall  raport  rigged  for  emergency  only  when  ordered  by  the  controlling  Sta- 
tion. Ensura  that  phones  are  manned  by  personnel  qualified  in  accordance  with  tha 
Submarine  Interior  Communications  Manual. 


STATION 

CIRCUIT 

. CONTROLLING  STATION 

Torpedo  Room 

JA 

Control  Center 

Control  Center 

JA 

Control  Center 

Navigation  Center 

JA 

Central  Center 

Craw's  Mess 

JA 

Central  Center 

Craw's  Living  Space 

JA 

Control  Center 

Missile  Control  Center 

JA 

Contra!  Center 

Launch  Operations  Station 

JA 

Central  Center 

Auxiliary  Machinery  Room  H 

2JV 

Maneuvering  Room 

Auxiliary  Machinery  Room  #2 

2JV 

Maneuvering  Room 

Engine  Room  Upper  Level 

2JV 

Maneuvering  Room 

Maneuvering  Room 

2JV 

Maneuvering  Room 

JA 

Contra!  Confer 

Maneuvering  shall  rapori  to  tho  Control  Ctntar  via  JA  phone  for  the 
Engineering  Compartments. 


TECHNOLOGY  ANALYSES 


Design  Approach 

Using  current  submarine  design  concepts  and  approaches,  we  determined 
basic  equipment  and  crew  functions  required  for  its  operation.  Cur- 
rent systems /functions  (referred  to  as  elements)  and  crew  members 
were  grouped  within  10  subsystems  in  order  to  aid  in  the  systems 
analysis.  Reorganization  of  watchstander  functions  was  sometimes 
necessary.  Table  III-B-1  illustrates  the  grouping  of  the  major 
elements  within  the  10  subsystems.  Table  III-B-2  : 'lustrates  the 
grouping  of  the  normal  underway  watchstanders  within  the  10  sub- 
systems. It  is  acknowledged  that  there  must  be  some  redistribution 
of  watchstander  duties  along  with  any  increase  in  mechanization  and 
decrease  in  available  watchstanders. 

Figure  III-B-1  shows  a flow  diagram  to  illustrate  the  basic  approach 
applied  to  optimize  the  operation  of  the  elements  of  each  subsystem. 
This  design  approach  was  applied  to  individual  subsystem  elements  to 
independently  predict  each  subsystem's  contribution  to  integrated 
ship  operation. 

The  design  approach,  developed  from  our  functional  analysis  of 
current  submarines,  was  used  to  determine  what  criteria  are  import- 
ant to  the  design  and  utilization  of  submarines.  These  "selection 
criteria"  became  an  input  to  a matrix  to  determine  the  optimum 
design  of  the  new  generation  submarine. 

The  functional  analysis  of  the  baseline  submarine  further  disclosed 
that  a vast  amount  of  system  control  was  performed  manually.  Our 
aerospace  experience  has  shown  that  mechanization  of  mundane  tasks 
improves  operation  and  increases  system  efficiency. 


Selection  Criteria 


The  Selection  Criteria  were  developed  to  enumerate  those  factors 
essential  to  submarine  design  and  operation.  We  have  strived  to 
pick  those  criteria  that  can  best  be  used  to  evaluate  the  effect 
of  individual  element  change  on  the  impact  of  submarine  operation. 
Five  primary  selection  criteria  were  defined:  (1)  decreased  cost; 
(2)  increased  availability;  (3)  reduced  crew  size;  (4)  increased 
survivability;  and  (5)  increased  operability.  These  five  selection 
criteria  and  the  subfactors  defining  the  criteria  are  shown  in 
Table  III-B-3. 
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Table  III-B-1  Elements  Grouping  Within  Subsystems 


SHIP  CONTROL  SUBSYSTEM  ELEMENTS 

1.  Submerging 

2.  Normal  Surfacing 

3.  Emergency  Surfacing 

4.  Alternate  Surfacing  (low  pressure  blow) 

5.  Trim  and  Buoyancy 

6.  Main  Drain  System 

7.  Auxiliary  Drain  System 

8.  Hovering  Capability 

9.  Steering  Control 

10.  Depth  Control 

11.  Depth  Sensing 

12.  Rig  for  Dive/Surface 

13.  Propulsion  Mode 

14.  Propulsion  Speed 

15.  Casualty  Actions 

ENGINEERING  SUBSYSTEM  ELEMENTS 

1.  Steam  Generator  Water  Level  Control 

2.  High  Pressure  Drain  System  Control 

3.  Chemical  Sampling  and  Analysis 

4.  Auxiliary  Fresh  Water  System  Control 

5.  Makeup  Feed  Control 

6.  Main  Feed  System  Control 

7.  Auxiliary  Steam  Control 

8.  Sea  Water  Cooling  Control 

9.  Turbine  Gland  Seal 

10.  Condensate  System  Control 

11.  Hot  Well  Level  Control 

12.  Low  Pressure  Drain  System  Control 

13.  Air  Ejector  Control 

14.  Main  Steam  System  Control 
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ENGINEERING  SUBSYSTEM  ELEMENTS 
(Continued) 

15.  Fresh  Water  Drain  System  Control 

16.  Main  Propulsion  Turbines 

17.  Clutch  Control 

18.  Emergency  Propulsion  Motor 
Control 

19.  Shaft  Seal 

20.  Lube  Oil  (Main,  Shaft,  SSTG) 

21.  Ship  Service  Turbine  Generator 

22.  Ship  Service  Motor  Generator 
Control 

23.  Diesel  Engine  Control 

24.  Diesel  Generator  Control 

25.  Battery  Monitoring 

26.  Main  Electrical  Distribution 
Control 

27.  Secondary  Propulsion  Motor 
Control 

28.  Turbine  Jacking  Gears 

29.  Lube  Oil  Transfer 

30.  Casualty  Actions 

AUXILIARY  SUBSYSTEM  ELEMENTS 
1.  Air  Conditioning 

High  Pressure  Air  Compressors 
Hydraulic  Plant  Control 
Refrigeration  Plant 
High. Pressure  Air  System 
Low  Pressure  Air  System 
Evaporator  Control 
Distilling  Unit  Control 
Air  Conditioning  Cooling  Water 
Control  Air  Compressors 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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Table  III-B-1  (Continued) 

AUXILIARY  SUBSYSTEM  ELEMENTS 
(Continued) 

11. 

12. 

13. 

14. 

15. 


Electronic  Equipment  Cooling 
Air  Conditioning  Chill  Water 
Fuel  Oil  and  Compensating  Water 
Anchor  Release 
Windlass  and  Capstan 


NAVIGATION  SUBSYSTEM  ELEMENTS 

1.  Gyro  Compass 

2.  Dead  Reconing  Analyzer  Indicator 

3.  Electromagnetic  Log 

4.  Central  Navigation  Computer 

5.  Satellite  Navigation  Fix  Capability 

6.  Radio  Navigation  Fix  Capability 

7.  Inertial  Navigation  System 

8.  Navigation  Control  Console 

9.  Ocean  Bottom  Navigation  Fix  Capability 

10.  Periscope  Optics 

EXTERNAL  COMMUNICATIONS  SUBSYSTEM  ELEMENTS 

1.  MF/HF  Transmitter 

2.  UHF  Transceiver 

3.  MF/HF  Transceiver 

4.  VLF  Receivers 

5.  MF/HF  Receivers 

6.  Teletype  Equipment 

7.  Security  Equipment 

8.  Radio  Telephone 

9.  Multicoupler 


EXTERNAL  COMMUNICATIONS  SUBSYSTEM 
ELEMENTS  (Continued) 

13.  Entertainment  Receiver 

1A.  Antenna  Performance  Monitoring 

SONAR-ECM  SUBSYSTEM  ELEMENTS 

1.  Passive  Sonar  (Conformal  Array) 

2.  Active  Sonar 

3.  Passive  Sonar  (Cylindrical  Array) 

4.  Passive  Sonar  (Narrow  Frequency 
Band) 

5.  Passive  Sonar  (Trailing  Array) 

6.  Passive  Sonar  (Overhead  Array) 

7.  Sonar  Performance  Computer 

8.  Fathometer 

9.  Underwater  Telephone 

10.  Sound-Velocity  Profile  Deter- 
mination 

11.  Sonar  ECM 

12.  Sonar  Contact  Classification 

13.  Sonar  Parameter  Identification 
(Signal  Modulation) 

14.  Radar 

15.  ECM 


16.  Electronic  Identification 
S\ 


JwQfon' 
~ w”’ 


17.  Microwave  Intercept  .eceiver 

18.  ECM  Contact  Classification 

19.  Sonar  and  ECM  Antenna  Control 

20.  Sonar  Trailing  Array  Control 

21.  Sonar  Array  Performance  Monl- 
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Table  III-B-1  (Concluded) 


DEFENSIVE  WEAPONS  SUBSYSTEM  ELEMENTS 

1.  Torpedo  Tube  Operation 

2.  Torpedo  Loading 

3.  Torpedo  Firing 

4.  Signal  Ejector  Loading 

5.  Signal  Ejector  Firing 

6.  Target  Motion  Determination 

7.  Torpedo  Input  Selection 

STRATEGIC  WEAPONS  SUBSYSTEM  ELEMENTS 

1.  Missile  Tube  Operation 

2.  Missile  Tube  Pressure  Control 

3.  Missile  Gas  System 

4.  Missile  Launch  Compensation 

5.  Missile  Tube  Hydraulics 

6.  Missile  Tube  Humidity  Control 

7.  Missile  Tube  Temperature  Control 

8.  Missile  Launch  Preparation 

9.  Missile  Launch  Initiation 

HABITABILITY  SUBSYSTEM  ELEMENTS 

1.  Ventilation  System 

2.  Compartment  Recirculation  Fans 

3.  CO2  Scrubber  Control 

4.  O2  Generator  Control 

5.  CO/H2  Burner  Control 

6.  O2  System  Control 

7.  Potable  Water  System 

8.  Plumbing-Sanitary  Tanks 

9.  Temperature  and  Humidity  Control 

10.  Trash  Disposal 

H.  Food  Preparation 
12.  Laundry 


CASUALTY  AND  DAMAGE  CONTROL  SUBSYSTEM 
ELEMENTS 

1.  Emergency  Lighting 

2.  Hydrogen  Detectors 

3.  Watertight  Doors 

4.  Radiation  Detection  (Status  and 
Survey) 

5.  Ship  Casualty  Message  Release 

6.  Casualty  Alarms 

7.  Ship  Control  Casualty  Detection 

8.  Casualty  Response 

9.  Solution  Evaluation 

10.  Smoke  Detection 


*» 
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Table  III-B-2  Existing  Crew  Subsystem  Division 


1.  Ship  Control  Subsystem 

Commanding  Officer 

Officer  of  the  Deck 

Diving  Officer  of  the  Watch 

Chief  of  the  Watch 

Helmsman 

rlanesman 

t.ee  Helm 

2.  Engineering  Subsystem 

Engineering  Officer  of  the  Watch 
Engineering  Watch  Supervisor 
Engine  Room  Supervisor 
Engine  Room  Upper  Level 
Engine  Room  Lower  Level 
Machinery  Room  2 Upper  Level 
Machinery  Room  2 Lower  Level 
Reactor  Operator 
Electrical  Operator 
Auxiliary  Electrician  Aft 
Throttl^man 

Engineering  Laboratory  Technician 

3.  Navigation  Subsystem 

Navigation  Center  Supervisor 
Navigation  Equipment  Technician 
Navigation  Center  Watch 
Quartermaster  of  the  Watch 

4.  Auxiliary  Subsystem 

Auxi 1 iarynan  Forward 
Auxiliaryman  Aft 

5.  Defensive  Weapons  SuDsystem 

Torpedoman  (bow  compartment) 

6.  Strategic  Weapons  Subsystem 

Missile  Control  Center  Supervisor 
Missile  Control  Center  Watch 
Launch  Operations  Station  Watch 
Assistant  Launch  Operation  Station  Watch 
Missile  Compartment  Roving  Watch 
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Table  III-B-2  (Concluded) 


7.  Habitability  Subsystem 

Machinery  Room  1 Watch 

Auxiliary  Electrician  Forward 

Corpsman 

Mess  Cooks 

Mess  Specialists 

Yeoman 

Storekeeper 

8.  External  Communications  Subsystem 

Radioman  Supervisor 
Radioman  Watch 

9.  Sonar-ECM  Subsystem 

Sonarman  Supervisor 
Sonarman  Watch 

10.  Damage  Control  Subsystem 

All  Personnel 
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Table  III-B-3  Selection  Criteria 


1.  Decrease  Cost 


This  criteria  Includes  the  costs  of  design,  construction,  testing,  and 
lifetime  maintenance,  but  does  not  include  any  savings  due  to  a possible 
crew  reduction. 

2.  Increase  Availability 

This  criteria  is  defined  by  the  following  i terns : 

a.  Improved  strategic  weapon  and  navigation  subsystem  operation: 

1)  Reduction  or  elimination  of  ship  motion  limits  or  events 
(i.e.,  fewer  trips  to  periscope  depth). 

2)  Reduction  of  physical  equipment  limitations  (i.e.,  required 
navigational  fix  frequency  to  maintain  the  desired  inertial 
navigation  platform  accuracy). 

3)  Improved  accuracy. 

4)  Equipment  is  maintainable  by  technicians  trained  in  Navy  schools 

b.  Improved  communications  reception  and  transmission: 

1)  Reduce  operational  antenna  limits  as  a result  of  ship  motion 
and  detectability. 

2)  Increase  equipment  reliability. 

3)  Improve  equipment. operational  capabilities.  Including  frequency 
limitations  and  choice  of  operating  equipment. 

c.  Improved  command  and  control  action: 

1)  Message  completion  validation. 

2)  Message  validity. 

d.  Reduced  refit  time  (in-port  repair  time). 

1)  Reduced  equipment  failure  rates. 

2)  Increased  at-sea  repair  of  equipment. 
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Table  III-B-3  (Continued) 

e.  Increase  reliability  of  the  element,  subsystem  and  ship  in  the 
operating  condition: 

1)  Improved  mean  time  between  failure. 

2)  Reduced  mean  time  to  repair. 

f.  Improve  the  operating  cycles. 

1)  The  capability  to  vary  the  time  cycle  between  crew  transfers. 

2)  To  provide  the  capability  to  select  the  place  (i.e.,  at  sea,  in 
port)  of  the  crew  transfer. 

3)  To  determine  the  requirement  for  a refit  period  ahead  of  time, 

jci  ncLCObai  j nuih  tuauo  anu  ciju  i piicn  o I Cfia  I r • 

3.  Reduce  Crew  Size 

This  criteria  evaluates  the  reduction  of  crew  size  with  increased 
mechanization. 

a.  Reduction  of  control  station  locations  through: 

1)  Centralization  of  control  areas. 

2)  Reorganization  of  watchstanding  requirement,  and  functions. 

b.  Reduced  maintenance  training  requirements. 

1)  Equipment  technology  improved. 

2)  Modular  design. 

3)  Equipment  designed  for  maintainability. 

c.  Decreased  life  cycle  costs. 

1)  Fewer  equipment  operators  required. 

2)  Use  of  Navy's  "Standard  Hardware  Program"  (MIL-STD-1378A). 

3)  Less  maintenance  (fewer  maintenance  men  required). 

d.  Improved  use  of  personnel. 

1)  Diversified  training  improves  individual  efficiency. 
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Table  1II-B-S  ( Continued ) 


l 2)  Undesirable  tasks  reduced  and/or  accomplished  by  computer 

l assistance. 

3)  Boring  watches  eliminated. 

4)  Increased  skill  utilization. 

e.  Improved  operational  capability. 

1)  Normal  watch  conditions  minimized. 

2)  Improved  response  to  abnormal  conditions 

3)  Centralized  information  displays. 

4)  Reduced  requirement  on  voice  interior  communications  lines. 

f.  Requirement  for  in-port  supDort. 

1)  Non-technical  support  required. 

2)  Effect  on  tender  support  required  due  to  increased  technology. 

3)  Support  requirements  can  be  predetermined. 

4.  Increased  Survivability 

This  criteria  defines  improvement  in  the  survivability  of  the  sub- 
marine. 

a.  Reduced  own-ship  detectability. 

1)  New  equipment  is  quieter  due  to  technology  and  operation. 

2)  Noisy  events  are  grouped  and  randomized  bv  using  computer  pre- 
dictions. 

3)  Computer  control  reduces  ship  operational  noise. 

b.  Covert  escape  on  detection. 

1)  Computer  recommendations  based  on  all  tactical  input  to  provide 
the  best  possibility  of  escape. 

| 2)  Improved  maneuvering  capabilities. 

I 3)  Control  of  own  ship  noise. 
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Table  III-B-Z  (Continued) 


c . Improved  tactical  weapon  capability. 

1)  Computer  recommendation  of  tactical  maneuver. 

2)  Target  motion  analysis  techniques. 

3)  Torpedo  control  capability. 

4)  Decrease  fire  control  party  requirement. 

d.  Improved  detection  capability. 

1)  Automated  antenna  control. 

2)  Analysis  of  sonar  data. 

3)  Better  control  of  own-ship  to: 

(a)  minl'mize  noise 

(b)  maximize  the  capability  to  obtain  data. 

e.  Automated  contact  analysis. 

1)  Computer  recommendation  for  maximum  data  (equipment  use 
and  own-ship  maneuvering. 

2)  Noise  signature  profiles  in  memory. 

3)  Automated  classification  of  contact. 

f.  Faster  reaction  time. 

1)  Data  transfer  time. 

2)  Computer  recommendations  to  minimize  detection. 

3)  Casualty  control  recommendations  (or  actions). 

5.  Improved  Operability 

This  criteria  evaluates  the  ease  in  operating  the  submarine  with  increased 
mechanization. 

a.  Is  the  technology  available. 

1)  State-of-the-art  concepts, 
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ToiZs  III-B-S  (Concluded) 


2)  Reliable  equipment. 

3)  Ease  of  maintenance. 

b.  Is  ship  safety  improved 

1)  Ship  status  displayed  to  operator. 

2)  Less  communication  delay  time. 

3)  Computer  recommendation  and  evaluation  of  control  actions. 

c.  Are  secondary  functions  provided 

1)  Alarm  formats 

2)  Trend  analysis 

3)  Failure  diagnosis 

4)  Data  recording  and  analysis 

5)  Tactical  and  operational  data  storage  and  retrieval 

6)  Maintenance  administration 

7)  Medical  diagnosis 

8)  Training  information 

d.  Is  human  error  reduced 

1)  Operating  errors 

2)  Maintenance  errors 

e.  Is  the  equipment  fully  utilized 

1)  Does  it  duplicate  equipment  in  other  subsystems 

2)  Is  the  equipment  standardized  to  facilitate  maintenance  and 
training 

3)  What  is  its  frequency  of  use 

f.  Additional  operational  training  required 

1)  Man  must  know  more  about  more  equipment 

2)  Greater  skills  required 

3)  Diversified  training  required 
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To  provide  a numerical  method  of  weighing  the  relative  value  of  each 
criteria  to  the  total,  a weighting  matrix  as  shown  in  Figure  III-R-2 
was  developed.  Each  prime  selection  criteria  was  evaluated  relative 
to  the  others.  A numeric  2 was  assigned  to  a criteria  if  it  is  more 
important  than  the  criteria  it  was  compared  to;  a 1 was  assigned  if 
the  criteria  was  less  important.  From  this  matrix  the  relationship 
of  the  raw  weight  of  each  selection  criteria  was  determined  by  sum- 
ming its  comparative  values.  The  normalized  weight  factor  for  each 
selection  criteria  was  determined  for  actual  use  in  the  evaluation 
process. 


Degree  cf  Mechanization 


Our  review  of  current  and  potential  submarine  control  systems  indi- 
cated that  five  steps  or  degrees  of  mechanization  are  identifiable. 
These  steps  are  shown  in  Figure  III-B-3  and  illustrate  the  change 
between  the  completely  manual  to  the  completely  automatic  system 
control.  Increased  mechanization  is  reflected  by  proceeding  from 
left  to  right  within  the  figure. 


The  first  degree  of  mechanization  as  shown  in  Figure  III-B-3  is  the 
"manual/oral"  mode.  An  abnormal  condition  is  detected  by  a watch- 
stander  who  vocally  relays  via  an  interior  communications  system 
the  condition  to  the  00D.  The  00D  must  understand  what  has  been 
verbally  transmitted,  acknowledge,  and  using  past  experience,  or 
judgment,  issue  a command  to  be  relayed  via  an  interior  communica- 
tions system,  to  the  same  or  another  watchstander  for  manual  opera- 
tion of  a valve  or  switch  to  correct  the  problem  or  condition. 

Such  a "manual/oral"  mode  is  highly  subject  to  the  possibility  of 
a misunderstanding  and  human  error.  If  multiple  problems  dsvelop 
concurrently,  the  stress  situation,  an  information  overload, 


placed  on  the  00D  further  complicates  a correct  solution  to  the 
problems. 

The  second  step  in  the  mechanization  process  is  to  bring  all  pertin- 
ent data  to  a central  monitoring  panel  and  to  present  status  data 
to  the  00D  in  a convenient  organized  manner.  This  step,  "central 
statusing",  requires  the  telemetering  of  all  pertinent  data  to  the 
central  monitor.  The  amount  of  data  handled  is  limited  by  the 


organization  and  physical  size  of  the  central  monitoring  panel. 

To  telemeter  the  data,  many  conventional,  visually  read,  sensors 

must  be  replaced  with  transducers  whose  electrical  outputs  can  be  j , 

transmitted  over  data  buses  to  the  centrally  located  display.  j j 
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Figure  ITI-B-3  Degrees  of  Mechanization 


In  the  next  step,  "man-machine  control",  it  is  appropriate  to  use 
a computer  driven  CRT  as  the  central  monitor.  The  computer  is  used 
to  reduce  the  data  and  present  it  to  the  operators  in  easily  under- 
stood formats.  Since  all  information  is  processed  by  the  computer, 
diverse  analog  or  digital  data  such  as  pressure  and  temperature  can 
be  codisplayed  on  the  CRT  in  tabular  or  graphical  form. 


The  00D  is  only  presented  pertinent,  changing,  requested,  or  alarm 
information  on  the  display.  The  computer  using  a CRT  or  printer  can 
also  provide  the  00D  with  trend  data,  diagnostic  suggestions  and 
operational  recommendations.  The  00D  must  still  verbally  pass  his 
commands  to  appropriate  watchstanders  for  corrective  action. 


The  next  progressive  step  in  the  mechanization  process,  "remote 
control",  is  to  provide  local  actuators  throughout  the  ship  that 
can  be  controlled  remotely  by  an  officer  from  a central  control 
console.  The  officer  is  aware  of  ship  conditions  on  his  CRT  dis- 
play and  can  take  appropriate  actions  through  push-buttons  or  through 
keyboard  commands  entered  on  the  console.  The  officer  is  in  control 
of  all  actions  and  makes  decisions  aided  by  computer  recommendations. 

The  next  step,  "computer  control",  uses  the  ship  control  computers 
to  constantly  evaluate  all  conditions  and  to  automatically  make  the 
appropriate  decisions  and  command  the  designated  actuators  to  control 
their  related  equipments.  All  abnormal  conditions  are  displayed  to 
the  officer  in  addition  to  the  action  the  computer  is  taking.  Pro- 
vision is  provided  for  the  officer  to  override  any  computer  action. 


Mechanization  Values 


The  next  phase  of  our  study  was  to  quantify  the  extent  of  mechaniza- 
tion desirable  for  each  element  of  each  subsystem.  Each  subsystem 
element  (ref:  Table  III-B-1)  was  evaluated  using  the  "Selection 
Criteria"  to  determine  the  effect  of  each  incremental  advancement 
in  Degrees  of  Mechanization.  In  order  to  determine  the  extent  of 
mechanization,  the  evaluation  criteria  were  applied  to  each  incre- 
mental advancement.  The  criteria  used  determined  whether  or  not 
a change  in  the  level  of  mechanization  of  the  element  would  enhance 
or  degrade  cost,  availability,  crew  size,  survivability,  and  opera- 
bility. The  individual  criteria  were  measured  in  terms  of  the  factors 
shown  in  Table  III-B-3,  Selection  Criteria. 

a.  Element  Mechanization  Values  - The  numbers  +1,  0,  ot  -1 
were  assigned  at  the  selection  criteria  factor  level.  A "+1"  was 
assigned  to  a selection  criteria  factor  if  it  enhanced  that  step. 

A "0"  indicated  no  change  and  a "-1"  indicated  a detrimental  effect. 
The  numbers  were  summed  for  the  factors  of  each  of  the  five  criteria, 
proceeding  one  mechanization  step  at  a time. 

The  results  were  weighted  according  to  the  relative  worth  (normalized 
weight  far  ' ^ of  the  five  selection  criteria  as  determined  in  Figure 
III-B-2.  weighted  criterion  values  constitute  the  net  value  of 

making  tlu.  ...e  change. 

The  entire  process  was  repeated  for  the  next  level  of  change  in 
mechanization  until  a numerical  value  has  been  determined  for  each 
change  in  level  of  mechanization.  Figure  III-B-4  provides  a pic- 
torial representation  of  this  optimum  mechanization  evaluation 
process. 

The  element  mechanization  values  are  shown  in  Figures  1T.I-B-5  through 
III-U-14.  Changes  in  every  element  of  each  subsystem  were  evaluated 
and  plotted.  The  curves  were  used  to  assess  the  optimal  level  of 
mechanization  for  each  element . 
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Figure  III-B-4  Flow  Diagram  Depicting  Determination  of  Optimum  Element 
and  Subsystem  Mechanization  Values 
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DOMES  OF  MECHANIZATION 


Figure  III-B-13  Habitability  Subsystem  Element  Mechanization  Values 
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b.  Subsystem  Mechanization  Values  - It  was  deemed  desirable  to 
determine  each  subsystem's  mechanization  value  for  each  step  of  in- 
crease in  mechanization.  A subsystem's  total  "mechanization  value" 
for  a particular  mechanization  step  was  determined  by  summing  the 
contribution  of  the  individual  elements  considered  within  that  sub- 
system for  that  mechanization  step.  Thus,  to  determine  the  total 
subsystem's  mechanization  value,  the  numeric  value  of  each  element 
for  a given  mechanization  step  for  a specific  subsystem  was  summed 
and  is  shown  by  mechanization  steps  in  bar-graph  form  in  Figures 
III-B-15  through  III-B-24. 

The  subsystem  mechanization  values  illustrated  on  these  bar-graphs 
indicate  a measure  of  the  total  value  that  would  be  achieved  if  each 
element  in  that  subsystem  was  advanced  to  the  next  level  of  mechani- 
zation. The  values  were  derived  without  regard  to  an  "optimum"  level 
of  element  mechanization  and  therefore  they  should  not  be  construed 
to  illustrate  the  most  efficient  or  desirable  amount  of  mechanization 
that  should  be  utilized.  The  optimum  points  of  mechanization  were 
derived  for  each  element  by  consideration  of  the  inflection  points 
on  Figures  III-B-5  through  III-B-14  and  by  the  integration  of  elements 
into  operable  subsystems.  This  consideration  must  be  made  since  each 
subsystem  and  the  ship  generally  operate  as  a whole  and  individual 
elements  cannot  always  be  considered  independently. 
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Figure  III-B-15  Ship  Control  Subsystem  Mechanization  Value 
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Figure  III-B-17  Auxiliary  Subsystem  Mechanization  Value 
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Figure  III-B-18  Navigation  Subsystem  Mechanization  Value 
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Figure  ITI-B~19  External  Comuniaationa  Subsystem  Mechanization  Value 
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Figure  III-B-20  Sonav/ECM  Subsystem  Mechanization  Value 


III-122 


ii  i iMfchiiiin* r'~^ V|  h 
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Figure  III-B-21  Defensive  Weapons  Subsystem  Mechanization  Value 
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Figure  III-3-23  Habitability  Subsystem  Mechanization  Value 
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5. 


Mechanization  Recommendations 


The  optimum  degree  of  mechanization  for  each  element  was  determined 
based  on  gain  of  advancing  through  additional  steps  of  mechanization. 
The  inflection  point  (change  in  direction  of  the  slope)  of  the  curves 
shown  in  Figures  I1I-B-5  through  III-B-14  served  as  a guide  to  the 
selection  of  the  optimum  degree  of  mechanization  for  the  various  ele- 
ments of  each  subsystem.  The  inflection  point  provided  the  basis  for 
determining  the  recommended  mechanization  for  each  subsystem  element. 

Figure  II1-B-25  illustrates  the  optimum  degree  of  mechanization  se- 
lected for  each  element.  The  dot  (•)  on  the  figures  represents  an 
indication  of  the  average,  current  state  of  mechanization  on  a baseline 
SSBN.  The  arrow  ( — ► ) indicates  the  degree  of  mechanization  recom- 
mended as  a result  of  the  analyses  performed  in  this  study.  The  rela- 
tive length  of  the  arrow  represents  a measure  of  the  amount  of  mechan- 
ization advancement  for  each  subsystem  element. 
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Figure  III-B-25  Optimum  Element  Mechanization  Selection  for  an  Integrated  Ship 
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Figure  III-B-25  (Continued) 
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Figure  IIT-B-25  (Continued) 


12.  Air  Conditioning 
Chill  Water 

13.  Fuel  Oil  and  Comp- 
ensating Water 

14.  Anchor  Release 

15.  Windlass  and  Capstan 


1.  Gyro  Compass 

2.  Dead  Reconing 
Analyzer  Indicator 

3.  Electromagnetic  Log 

4.  Central  Navigation 
Computer 

5.  Satellite  Naviga- 
tion Fix  Capability 

6.  Radio  Navigation  Fix 
Capability 

7.  Inertial  Navigation 
System 

8.  Navigation  Control 
Console 

9.  Ocean  Bottom  Navi- 
gation Fix  Capabil- 
ity 

10.  Periscope  Optics 


Figure  ITI-B-25  (Continued) 


1 EXTERNAL  COMMUNICATIONS  SUBSYSTEM 
ELEMENT I II III 


1. 

MF/HF  Transmitter 

•- 

? 

UHF  Transceiver 

•- 

3. 

MF/HF  Transceiver 

•- 

4. 

VLF  Receivers 

•- 

5. 

MF/HF  Receivers 

•- 

6. 

Teletype  Equipment 

•- 

7. 

Security  Equipment 

•- 

8. 

Radio  Telephone 

• 

9. 

Multi coupler 

•- 

10. 

MF/HF/UKF  Antenna 
Control 

11. 

Emergency  Antenna 
Control 

• 

12. 

VLF  Antenna  Control 

13. 

Entertainment  Re- 
ceiver 

• 

14. 

Antenna  Performance 
Monitoring 

0- 

ELEMENT 


SONAR  ECM  SUBSYSTEM  1 
I II  III 


IV 


IV 


V 


V 


1.  Passive  Sonar  (Con-  + ► 

formal  Array) 

2.  Active  Sonar  •— ► 


3.  Passive  Sonar  (Cyl-  > — 

indrical  Array) 

4.  Passive  Sonar  #-  ■ 

(Narrow  Frequency 

Band) 

5.  Passive  Sonar  + ^ 

(Trailing  Array) 


HI-132 


Figure  III-B-25  (Continued) 
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Figure  ZII-B-2S  (Continued) 


ELEMENT 


1.  Torpedo  Tube  Opera- 
tion 

2.  Torpedo  Loading 

3.  Torpedo  Firing 

4.  Signal  Ejector 
Loading 

5.  Signal  Ejector 
Firing 

6.  Target  Motion  Deter- 
mination 

7.  Torpedo  Input 
Selection 


ELEMENT 


DEFENSIVE  WEAPONS  SUBSYSTEM 


STRATEGIC  WEAPONS  SUBSYSTEM 


1.  Missile  Tube  Opera- 
tion 

2.  Missile  Tuba  Press- 
ure Control 

3.  Missile  Gas  System 

4.  Missile  Launch  Comp- 
ensation 

5.  Missile  Tube  Hydrau- 
lics 

6.  Missile  Tube  Humid- 
ity Control 

7.  Missile  Tube  Temp- 
erature Control 

8.  Missile  Launch 
Preparation 

9.  Missile  Launch 
Initiation 


III-134 


m i i u,.iw  j 


MWIIIWW  I'lP.HJ  I W. -lumuiwij, (‘It# 


KSF*~ 


l-« 


Figure  III-B-26  (Concluded) 
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Crew  Requirements 


Analyses  of  the  approximate  number  of  crewmen  that  would  be  required 
to  operate  each  of  the  10  subsystems  at  each  of  the  five  levels  of 
mechanization  were  performed.  The  results  of  these  analyses  and  a dis- 
cussion of  their  meaning  and  manner  of  interpretation  is  presented  in 
Appendix  III.  The  material  presented  in  tha  present  section  is  directed 
to  a discussion  of  the  crew  requirements  for  a new  generation  SSBN 
designed  as  an  integrated  ship  to  meet  the  optimum  mechanization  con- 
cepts recommended  in  our  study. 

These  crew  requirements  were  developed  through  comparisons  of  exist- 
ing crew  manning  requirements  for  the  baseline  SSBN  and  the  mechaniza- 
tion concepts  developed  for  ship's  subsystems  as  identified  in  Table 
III-B-25.  An  in-depth  analysis  of  the  mechanization  concepts  indicated 
that  nine  broad  classes  of  crew  functions  would  be  required  for  the 
crew  of  the  new  generation  SSBN: 

(1)  Decision-making; 

(2)  Console  (C&D)  tasks; 

(3)  Response  to  computer- initiated  alerts: 

(4)  Manual  operation  of  equipment; 

(5)  Preventive  maintenance; 

(6)  Corrective  maintenance  (replacement  of  modules  put  off-line  by 
computers  and  computer-assisted  disassembly  and  repair); 

(7)  Inspection  tasks; 

(8)  Casualty  and  damage  control; 

(9)  Override  computerized  functions. 

The  watch  structure  as  i currently  exists  vas  discarded  in  the  new 
generation  SSBN  concept.  However,  certain  aspects  of  a watch-type 
structure  have  been  retained.  Specifically,  two  watch  stations  have 
beer,  identified — one  at  the  Ship's  Control  Console  and  one  at  the 
Engineering  Plant  Console.  Both  of  these  watch  stations  utilize 
officer  watchstanders . The  ofixcer  on  watch  at  the  Ship's  Control 
Console  has  been  designated  Officer  of  the  Deck  (00D)  and  the  of- 
cer  on  watch  at  the  Engineering  Plant  Console  has  beer,  designated 
Engineering  Officer  of  the  Watch  (EOOW') . These  two  designations 
were  retained  because  the  duties  and  responsibilities  of  the  two 
officers  will  be  essentially  the  same  as  the  current  responsibilities 
for  the  00D  and  EOOW'  shewn  in  Table  ITI-A-13. 
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The  essential  differences  will  be  that  the  OOD  and  EOOW  will  effect 
their  responsibilities  not  be  receiving  verbal  reports  and  issuing 
verbal  commands,  but  rather  by  interfacing  with  the  computer  through 
their  respective  consoles. 

The  new  generation  SSBN  concept  requires  minimal  manual  actions  to 
accomplish  nominal  and  contingency  evolutions;  however,  certain  manual 
operations  were  retained.  The  requirement  to  perform  a limited  number 
of  manual  operations  plus  the  requirement  for  maintenance  and  casualty 
control  dictated  additional  crew  members  to  assist  the  OOD  and  EOOW. 

An  in-depth  analysis  of  the  retained  manual  operations,  maintenance 
requirements,  and  response  to  various  forms  of  casualty  situations  re- 
suled  in  the  assignment  of  three  enlisted  crewmen  to  OOD  and  three  to 
Lhe  EOOW.  These  six  crewmen  would  not  be  watchstanders  in  tha  tradi- 
tional sense;  rather,  they  will  ba  available  to  the  OOD  and  EOOW  during 
their  watch  to  perform  tasks  at  their  discretion.  Their  major  respon- 
sibilities would  be  to  perform  operational  tasks,  and  preventive  and 
corrective  maintenance  under  direction  of  the  OOD  and  EOOW. 

Since  the.  requirement  for  personnel  services  will  be  essentially  un- 
changed on  the  new  generation  SSBN,  an  analysis  of  the  crew  required 
to  perform  functions  of  food  preparation,  storekeeping,  medical,  and 
records  (yeoman)  preparation,  etc  was  performed.  The  number  of  crewmen 
required  to  perform  these  functions  is  dependent  on  the  total  crew  size. 
Our  analyses  indicated  that  a total  of  three  crewmen  can  perform  the 
personnel  services  on  the  new  generation  SSBN.  Two  crewmen  would  be 
assigned  to  perform  cook/storekeeper  functions  and  one  crewman  would 
perform  medical/yeoman  functions. 

A nominal  crew  complement  of  30  crewmen  would  be  required  to  operate 
the  new  generation  SSBN  for  all  nominal  and  contingency  evolutions. 

Seven  of  the  30  are  officers — Commanding  Officer,  three  to  serve  as 
OOD  and  three  to  serve  as  EOOW.  The  requirement  for  three  OODs  and 
EOOWs  arises  from  the  requirement  for  a three  section  watch  rotation. 

A nominal  complement  of  18  enlisted  crewmen  would  serve  as  operational 
personnel  for  the  OOD  and  EOOW;  they  will  be  designated  Maintenance 
Technicians  (MT) . The  MTs  will  have  two  basic  skill  specialties — 
elector  lies  and  mechanics  (including  hydraulics).  A majority  of  the 
new  gen. cation  SSBN  maintenance  requirements  will  be  electronic  (includ- 
ing computer);  therefore,  12  MTs  will  be  electronic  specialists  and  six 
will  be  mechanics  specialists.  The  MTs  will  have  secondary  skill  spec- 
ialties which  may  come  from  specialized  short  courier;  e.g.,  weapons, 
navigation,  communications , etc  or  from  on-the-job  training.  Three 
electronics  MTf  *ill  be  assigned  to  the  OOD  watch — one  will  have  a sonar 
skill  specialty  and  ore  a computer  skill  specialty.  Two  electronic  MTs 
and  one  mechanics  MT  will  be  assigned  to  the  EOOW  vatch.  It  is  antici- 
pated that  in  an  operational  enviornment  some  crew  members  will  be  new 
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trainees;  therefore,  two  new  trainee  crewmen  were  added  to  bring  the 
total  crew  size  to  30. 

] t is  reasonable  to  assume  that  administrative  functions  will  be  es- 
sentially unchanged  in  a new  generation  SSBN;  therefore,  a preliminary 
administrative  structure  was  proposed.  The  administrative  structure 
for  a crew  size  of  30  is  shown  in  Figure  III-B-  26 

Analysis  of  the  crew  operations  for  nominal  and  casualty  evolutions  on 
the  new  generation  SSBN  were  performed  to  insure  that  a crew  of  30  could 
accomplish  the  SSBN  mission.  For  nominal  evolutions,  the  analyses  in- 
dicated that  all  could  be  successfully  performed  by  the  00D,  EOOW,  and 
six  Maintenance  Technicians  on  a three  section  watch  rotation.  Tables 
1II-B-4,  III-B-5,  and  III-B-6  present  the  results  of  these  analyses  for 
three  major  ship  control  evolutions  of  diving,  surfacing,  and  snorkel- 
ing.  Each  table  presents  a comparison  of  the  crew  activity  sequence 
and  the  involved  crewmen  required  on  the  baseline  SSBN  (on  the  left) 
and  the  crew  activities  required  on  the  new  generation  SSBN  concept 
(on  the  right). 

Obviously,  the  majer  difference  between  activities  for  new  generation 
as  compared  to  baseline  SSBN  for  all  three  evolutions  is  the  dramatic 
reduction  in  manual  operations  and  verbal  repo'  is,  and  a concomitant 
reduction  in  personnel  requirements.  For  example,  nominal  performance 
of  diving  in  the  baseline  SSBN  requires  37  identifiable  activities,  and 
the  active  participation  of  12  crew  members  plus  the  participation  of 
all  watchstamders  to  rig  the  ship  and  report  conditions  to  control. 
Diving  in  the  new  generation  SSBN  requires  13  identifiable  activities, 
three  crewmen  (00®,  his  temporary  relief,  and  a Maintenance  Technician), 
vastly  reduced  requirements  for  manual  rigging  of  the  ship,  and  no 
nominal  requirements  for  verbal  reports.  For  surfacing,  the  correspond- 
ing comparison  between  baseline  and  new  generation  SSBN  are  39  activi- 
ties and  nine  crewmen  versus  six  activities  and  two  crewmen.  For 
snorkel log  the  figures  are  45  activities  and  12  crewmen  versus  seven 
activities  and  two  crewmen, 

it  needs  to  be  emphasized  that  comparisons  of  numbers  of  activities 
and  crewmen  between  baseline  and  new  generation  SSBNs  overlook  another 
major  difference  between  the  two  concepts.  Activities  for  baseline 
SSj&N  axe  manually  complex  in  many  instances  while  crew  activities  for 
the  new  generation  SSBN  are  manually  and  perceptually  simple  (control/ 
display  operations).  Decision-making  requirements  are  similar  in  both, 
but  data  relevant  to  decisions  are  more  reliable,  less  susceptible  to 
human  error,  and  more  quickly  and  readily  obtainable  in  the  new  gener- 
ation concept . 
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Table  III-B-4  Comparison  of  Crew  Operations  for  Diving  Evolution  in  Baseline  and  New  Generation 
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Control  Con 
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displayed  ai 
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Control  Con 
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4.  00D  relieved  by  person  in  control  room. 

"New"  OOD 

bridge  forj 
nician.  008 
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4 

t 
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i 

l 
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j 
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! 

i 
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j 

) 

i 

13.  Report  “straight  board"  to  OOD. 
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\ 
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they  wouldl 
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Some  rigging  for  dive  would  be  done  manually  by  maintenance  technicians 
in  compartments;  however,  most  rigging  would  be  accomplished  auto- 
matically. Requirements  for  manual 'rigging  would  be  considerably  re- 
duced. Computer  would  sense  status  of  systems  rigged  for  dive  and 
statuses  may  be  requested  for  visual  verification  by  00D  at  Ship's 
Control  Console.  Failure  of  proper  rigging  status  would  Initiate 
signal  at  Ship  Control  Console. 

t. 
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All  systems  requiring  "secured  status"  for  diving  would  be  secured 
either  manually  or  automatically.  Confirmation  of  status  would  be 
displayed  at  Ship's  Control  Console.  Automatic  securing  functions 
would  be  initiated  by  00D  by  manipulation  of  manual  controls  at  Ship's 
Control  Console.  Status  of  individual  systems,  subsystems,  or  items  of 
equipment  would  not  necessarily  be  displayed  but  00D  could  request 
specific  questions  to  computer.  "Ship  rigged  for  dive"  Indication 
would  be  displayed  as  baseline  case. 

r 

r 

i 

1 

rof  Watch 
^trlcian  Forward 

i. 

r 

f 

fctrlcian  Forward 
i of  Watch 
[ of  Watch 

l 

These  functional  activities  would  be  basically  unchanged.  Rigging  the 
bridge  for  dive  would  be  accomplished  by  00D  and  a Maintenance  tech- 
nician. 00D  would  be  temporarily  relieved  by  "new"  00D  while  he 
supervises  the  activities  at  the  bridge.  When  activities  are  comple- 
ted, 00D  would  return  to  Ship's  Control  Console  and  relieve  his  temp- 
orary relief.  Verification  of  their  accomplishment  would  be  available 
for  visual  display  at  Ship's  Control  Console. 

\ 

[ 

t 

. 

Ch  Forward 

Submergence  would  be  accomplished  by  OOD's  initiation  of  manual  control 
at  Ship's  Control  Console.  Desired  depth  would  be  set.  Computer  would 
prohibit  diving  if  required  statuses  are  not  met.  Diving  dynamic  con- 
trol would  be  automatic. 

r 

i—  - - - - 

Activities  and  operations  18  through  26  would  be  accomplished  and 
sequenced  automatically  under  computer  control.  Verification  of  their 
accomplishment  can  be  requested  by  00D  at  Ship's  Control  Console  but 
they  would  not  nominally  be  displayed.  Failure  of  any  action  would 
initiate  an  alarm  at  Console  and  computer  would  "hold"  sequence.  ODD 
could  interrogate  computer  for  malfunction  diagnosis  and  he  could 
initiate  automatic  corrective  action  or  direct  maintenance  technicians 
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Table  III-B-4  (Conalud  d) 

BASELINE  SSBN 

ACTIVITY  SEQUENCE 

CREW 

21.  Ring  up  Ahead  2/3  and1  place  rudder  amid- 

Helmsman 

ships. 

22.  Open  all  main  vents 

COW 

23.  Lower  all  masts  and  report  to  00D 

COW 

24.  Proceed  to  ordered  depth 

DOW 

25.  Shut  all  vents  at  50'. 

COW 

26.  Operate  rudder  and  planes  as  ordered. 

Helmsman 

Planesman 

27.  Man  the  JA  phones  in  Control. 

Auxiliary  Electrician  Forward 

28.  Man  the  JA  phones  in  Ops  LL  compartment. 

Lookout 

29.  Man  the  JA  or  2JV  phones  in  all  compart- 

All  Watch  Standers 

rnents. 

to  perform 


There  will 
backup  mode 
ride. 


Analyze  trim  condition 

Pump  or  flood  variable  ballast  tanks  as 
ordered. 

Secure  the  radar  or  ECN  when  ordered. 

Obtain  neutral  trim  condition  and  report 
to  00D. 

Place  main  hydraulic  pump  in  Standby. 
Cycle  main  vents  one  group  at  a time. 


Report  compartment/equipment  condition  to 
control . 

Secure. sound  powered  phones  on  order 
when  all  reports  received. 


Radar/ECM 

DOM 


Ail  Watch  Standers 
All  Watch  Standers 


All  condi tl 
information 
Console. 


■:?>  < 


NEW  GENERATION  SSBN 


I CREW 


to  perform  manual  corrective  action. 


jctri 


cian'  Forward 


Ners 


There  will  be  no  requirements  to  man  phones.  Phones  will  be  used  as 
backup  mode  only  in  case  of  computer  malfunction  or  computer  over- 
ride. 


Trim  condition  will  be  sensed,  analyzed,  and  controlled  by  computer. 
00D  may  interrogate  computer  concerning  trim  situation  and  command 
(by  manual  input  at  Ship's  Control  Console)  any  desired  changes. 


All  conditions  relevant  to  submergence  will  be  sensed^by  computer  and 
information  may  be  requested  for  visual  display  at  Ship's  Control 
Console. 
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Table  III-B-5  Comparison  of  Crew  Operations  for  Surfacing  Evolution  in  Baseline  and  NewGenerm 


BASELINE  SSBN 

ACTIVITY  SEOUENCE 

CREW 

00D  relieved. 

i 

1. 

Order  COW  to  pass  "prepare  to  surface" 

00D 

00D  initiates 

on  INC. 

Ship's  Contro 

2. 

Pass  "prepare  to  surface"  on  IMC. 

COW 

and  command  1 
Plant  Control 

3. 

Check  all  NBT  vents  shut. 

COW 

These  actions 

4. 

Check  hydraulic  pump  line  up. 

COW 

Verification 
trol  Console 

5. 

Position  head  valve  electrode  selector 

COW 

any  action  wo 

switch  to  "both";  head  valve  control 

would  "hold" 

switch  to  "auto". 

malfunction  d 

6. 

Test  mast  flooded  indicator 

COW 

direct  mainte 

7. 

Drain  induction  mast. 

Auxiliary  Watch  Forward 

8. 

Check  MBT  low  pressure  blow  and  exhaust 
mast  dry. 

Navigation  Center  Supervisor 

i 

i 

9. 

Unlock  outboard  Induction  and  outboard 
ventilation. 

Navigation  Center  Supervisor 

j 

10. 

Open  head  valve  air  supply  valves. 

Navigation  Center  Supervisor 

A 

•1 

11. 

Receive  reports  from  Navigation  Center 

COW 

All  status  rejj 

Supervisor  and  Auxiliary  Watch  Forward 
that  they  are  ready 

be  visually  d| 

12. 

Obtain  permission  from  00D,  drain,  and 

Quartermaster  of  Watch 

These  activltj 

enter  bridge  access  trunk. 

ance  techniclj 

13. 

Line  up  IC  circuits  to  bridge 

Auxiliary  Electrician  Forward 

] 

14. 

Man  JA  phones  in  control  and  inform  COW 

Auxiliary  Electrician  Forward 

All  status  raj 

when  all  compartments  reported  ready  to 
surface. 

visually  dispj 

15. 

Report  "ready  to  surface"  to  DOW. 

COW 

’j 

16. 

Secure  JA  phones  when  ordered 

Auxiliary  Electrician  Forward 

17. 

Report  "ready  to  surface"  and  pressure 
in  boat  to  00D. 

DOW 

18. 

Order  DOW  to  "surface  the  ship" 

00D 

00D  initiates 

19. 

Have  COW  pass  "surface,  surface, 
surface"  on  IMC. 

DOW 

Ship's  Control 
and  command  ij 
Plant  Control 

20. 

Order  COW  to  "blow  forward  group" 

DOW 

These  actions; 

21. 

As  ship  takes  an  up  angle  order  "blow 

DOW 

Verification  \ 
trol  Console] 

aft  group". 

action  would  . 

22. 

Attempt  to  maintain  3°  to  5°  up  angle. 

Planesman 

"hold"  sequel 
tion  diagnostj 

i 

■1 

| 

j 

i 

i 

A 

Elution  in  Baseline  and  New  Generation  SSBN 


i Forward 
;er  Supervisor 


jter  Supervisor 
iter  Supervisor 


NEW  GENERATION  SSBN 


000  initiates  "prepare  to  surface"  by  manual  initiation  of  control  at 
Ship's  Control  Console.  Maintenance  technician  passes  word  on  comm 
and  command  is  visually  displayed  on  Ship's  Control  and  Engineering 
Plant  Control  Consoles. 

These  actions  would  be  performed  automatically  by  computer  control. 
Verification  of  their  accomplishment  would  be  displayed  at  Ship  Con- 
trol Console  and  at  Engineering  Plant  Control  Console.  Failure  of 
any  action  would  Initiate  an  alarm  at  each  console  and  computer 
would  "hold"  sequence.  00D  and  EOOW  could  interrogate  computer  for 
malfunction  diagnosis  and  initiate  automatic  corrective  action  or 
direct  maintenance  technicians  to  perform  manual  corrective  actions. 


All  statu;,  reports  would  result  from  remote  sensing  by  computer  and 
be  visually  displayed  at  Ship's  Control  Console. 


>f  Watch 


krician  Forward 
krician  Forward 


These  activities  would  be  performed  as  they  are  currently  by  Mainten- 
ance technicians  on  watch  at  Ship's  Control  Console. 

All  status  reports  would  result  from  remote  sensing  by  computer  and  be 
visually  displayed  at  Ship's  Control  Console. 


krician  Forward 


00D  initiates  "surface  the  ship"  by  manual  initiation  of  control  at 
Ship's  Control  Console.  Maintenance  technician  passes  word  on  comm 
and  command  is  visually  displayed  on  Ship's  Control  and  Engineering 
Plant  Control  Consoles. 

These  actions  would  be  performed  automatically  by  computer  control. 
Verification  of  their  accomplishment  would  be  displayed  at  Ship  Con- 
trol Console  and  at  Engineering  Plant  Control  Console.  Failure  of  any 
action  would  Initiate  an  alarm  at  each  console  and  computer  would 
"hold"  sequence.  00D  and  EOOW  could  interrogate  computer  for  malfunc- 
tion diagnosis  and  initiate  automatic  corrective  action  or  direct 

J 1 _ A_  _ _ „ I*. 1 1.  J..  . J ^ 
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Table  III-B-5  (Conaluded) 


F 


BASELINE  SSBN 


ACTIVITY  SEQUENCE 


23.  When  ship  on  surface,  order  COW  to 
"secure  the  ?-»r"  then  report  to  000 
"X  feet  and  Molding". 

24.  Lock  planes  at  ordered  angle  In  emergency 
mode. 

25.  Maintain  ordered  course. 

26.  Order  COW  to  open  the  outboard  Induction. 

27.  Check  head  valve  open. 

28.  Report  pressure  equalized. 


29. 


When  pressure  Is  equalized  order  Quarter- 
master of  Watch  to  crack,  then  open  the 
bridge. 


30. 


Order  "start  the  low  pressure  blower  on 
all  main  ballast  tanks". 


31.  Order  OOD  and  Lookout  to  bridge 
(Old  OOD,  Lee  Helsman) 


32.  Open  Inboard  Induction  valve 

33.  Line  up  low  pressure  blower  discharge 
valves,  start  blower  and  #1  vent  fan. 

34.  Report  "low  pressure  blower  running  on 
all  MBTs". 

35.  On  indication  of  air  escaping  from  all 
MBTs,  order  "shift  the  blower  to  ventlla- 

1 te  outboard". 

36.  Shift  the  blower  and  report  to  COW. 


37.  Rig  the  bridge 

38.  Install  communications  to  bridge. 

39.  Bridge  OOD  relieve  OOD  In  control. 


CREW 


DOW 

Planesman 

Helmsman 

OOD 

COW 

COW 


OOD 


OOD 


OOD 


Auxiliary  Watch  Forward 
Navigation  Center  Supervisor 

COW 

OOD 

Navigation  Center  Supervisor 


Quartermaster  of  Watch 
Auxiliary  Electrician  Forward 
OOD 


Computer  wll 
initiate  "sed 
Control  Consfl 
matically  by 


This  will  be 


This  command 
by  computer 
OOD. 


Commanding  ol 


These  actions! 
Verification; 
Console  and 
action  would] 
"hold"  sequel 
function  dia<j 
maintenance  1 


Activities 


f 


S' 

NEW  GENERATION  SS8N 

¥ 

| CREW 

ir 

L 

f. 

i 

fr 

l 

l 

i 

l 

\ 

\ 

l 

Computer  will  inform  00D  when  ship  is  on  the  surface.  00D  will 

Initiate  "secure  the  air"  by  manual  Initiation  of  control  at  Ship's 
Control  Console.  Activities  24  thrbugh  28  will  be  accomplished  auto- 
matically by  computer  control. 

JT 

f 

This  will  be  performed  manually  by  Maintenance  technician. 

‘ 

\ 

This  command  will  be  automatically  initiated  in  proper  time  sequence 
by  computer  upon  initiation  of  "secure  the  air"  control  activation  by 
00D. 

Commanding  officer  will  relieve  00D.  Activity  will  be  same  as  shown. 

atch  Forward 
tenter  Supervisor 

, 

f 

t1 

l 

I 

These  actions  would  be  performed  automatically  by  computer  control. 
Verification  of  their  accomplishment  would  be  displayed  at  Ship  Control 
Console  and  at  Engineering  Plant  Control  Console.  Failure  of  any 
action  would  initiate  an  alarm  at  each  console  and  computer  would 
"hold"  sequence.  GOD  and  EOOW  could  Interrogate  computer  for  mal- 
function diagnosis  and  Initiate  automatic  corrective  action  or  direct 
maintenance  technicians  to  perform  manual  corrective  actions. 

; 

Center  Supervisor 

er  of  Watch 

llectrician  Forward 

: 

Activities  will  be  accomplished  manually  as  shown. 

W- 

E 

i 

l 

l 

[ 

L 

y 


Table  lll-B-6  Comparison  of  Crew  Operations  for  Snorkeling  Evolution  in  Baseline  and  New  Generatit 

BASELINE  SSBN 

] 

ACTIVITY  SEQUENCE 

CREW 

1.  Order  COW  to  pass  the  word  on  IMC  - 
"Prepare  to  Snorkel". 

00D 

00D  Initiates  1 
at  Ship  Control 
command . Commf 
Engineering  PI 

2.  Man  JA  phones  In  control. 

Lee  Helmsman 

JA  phones  woul 
manual  overrld 

3.  Open  Induction  pipe  vent  valves. 

4.  Open  Air  Supply  to  head  valve. 

5.  Unlock  outboard  Induction  valve,  place  In 
power. 

6.  Open  Inboard  Induction  valve. 

7.  Line  up  diesel  for  startup. 

8.  Drain  snorkel  exhaust  pipe  between  In- 
board and  outboard  exhaust  valve. 

9.  Line  up  ventilation  supply  In  Auxiliary 
Machinery  Room  2 

10.  Unlock  the  diesel  exhaust  valve  and  place 
in  power. 

Auxlliaryman  of  Watch  Forward 
Navigation  Center  Supervisor 
Navigation  Center  Supervisor 

Navigation  Center  Supervisor 

Diesel  Generator  Watch 

Auxiliary  Machinery  Room  2 Upper 
Level 

Auxiliary  Machinery  Room  2 Upper 
Level 

Auxiliary  Machinery  Room  2 Upper 
Level 

These  actions  < 
Verification  o 
Console  and  at 
action  would  1i 
"hold"  sequeno 
function  dlagnl 
maintenance  tel 

i 

i 

i 

i 

i 

J 

11.  When  at  periscope  depth,  direct  the  DOW 
to  raise  the  snorkel  mast. 

00D 

Periscope  deptj 
depth  by  manual 
achieved,  DOD  i 
snorkel  mast  vi 

12.  Open  the  induction  mast  vent  valves. 

13.  Raise  snorkel  mast. 

14.  Drain  .Induction  mast,  shut  drain  and 
vent  valve. 

15.  Test  induction  mast  flooded  indicator. 

COW 

COW 

Auxiliary  Watch  Forward 

COW 

These  actions  j 
Verification  oi 
Control  Consol] 
any  action  wool 
"hold"  sequencj 
tlon  diagnosis^ 
maintenance  toi 

16. 

Obtain  permission  from  00D  and  test  head 
valve. 

COW 

17. 

Rig  compartments  for  snorkel 

Mess  Cook  and  Auxiliary  Machinery 

Room  1 

number  of  rlgg 

18.  Pass  reports  of  prepared  to  snorkel  from 
each  compartment: 

Computer  Lee  Helmsman  COW  DOW  00D 

Computer  will  \ 
for  snorkel ng 
Sensors  will  p 
manually  as  wq 

19.  Order  "Commence  Snorkeling". 

00D 

00D  Initiates 
Ship's  Control 

i 

T" 1 "*'tJI  gg  -XSL gg35S5CT15 wswa^arTv - 


jr.:_ 


fvolution  in  Baseline  <.md  ]’ew  Generation  SSBN 


A 

NEW  GENERATION  SSBN 

f CREW 

i 

f 

00D  initiates  "prepare  to  snorkel"  by  manual  initiation  of  control 
at  Ship  Control  Console.  Maintenance  technician  passes  the  word  on 
command.  Command  is  visually  displayed  on  Ship's  Control  and 
Engineering  Plant  Control  Consoles. 

P" 

f 

!j 

JA  phones  would  be  available  for  use  as  emergency  only— in  case  of 
manual  override  of  computer  functions. 

f of  Watch  Forward 
fenter  Supervisor 
[enter  Supervisor 

1 

[enter  Supervisor 
ietor  Watch 

These  actions  would  be  performed  automatically  by  computer  control. 
Verification  of  their  accomplishment  would  be  displayed  at  Ship  Control 
Console  and  at  Engineering  Plant  Control  Console.  Failure  of  any 
action  would  Initiate  an  alarm  at  each  console  and  computer  would 
"hold"  sequence.  00D  and  EOOW  could  interrogate  computer  for  mal- 
function diagnosis  and  initiate  automatic  corrective  action  or  direct 
maintenance  technicians  to  perform  manual  corrective  actions. 

; 

■ 

pchinery  Room  2 Upper 

|ichinery  Room  2 Upper 

V 

j 

'i 

[chlnery  Room  2 Upper 

1 

.1 

f 

\ 

l- 

Periscope  depth  would  be  controlled  (set)  by  00D.  He  would  set  desired 
depth  by  manual  input  to  Ship  Control  Console.  When  that  depth  is 
achieved,  DOD  would  receive  displayed  verification  arid  raising  of 
snorke'.  mast  would  be  initiated  by  manual  control  at  console. 

i 

j 

[ 

r 

Jitch  Forward 

t 

f 

| 

These  actions  would  be  performed  automatically  by  computer  control. 
Verification  of  their  accomplishment  would  be  displayed  at  Ship 

Control  Console  and  at  Engineering  Plant  Control  Console.  Failure  of 
any  action  would  initiate  an  alarm  at  each  console  ar\d  computer  would 
"hold"  sequence.  00D  and  EGOW  could  interrogate  computer  for  malfunc- 
tion diagnosis  and  initiate  automatic  corrective  action  or  direct 
maintenance  technicians  to  perform  manual  corrective  actions. 

] 

j 

i 

jfid  Auxiliary  Machinery 

Mcrt  rigging  functions  will  be  done  automatically;  however,  a reduced 
number  of  riggings  will  still  have  to  be  accomplished  manually. 

i" 

1 

S.  - - - - 

Computer  will  inform  00D  and  EOOW  that  all  conditions  have  been  met 
for  snorkeling.  Verbal  reports  from  crewmen  will  not  be  necessary. 
Sensors  will  provide  computer  verification  of  actions  accomplished 
manually  as  well  as  automatically. 

1 

- 

i 

00D  Initiates  "commence  snorkeling"  by  manual  initiation  of  contro'  at 
Ship's  Control  Console. 

\ 

I 

t 

^ 

III-143 

Table  III-6  ( Continued ) 


BASELINE  SSBN 

ACTIVITY  SEOUENCE 

CREV 

20.  Order  COW  to  open  outboard  induction 
valve. 

21.  Order  COW  to  flood  into  depth  control 
(about  8000#  to  trim  compensate  for 
snorkel  exhaust  line). 

22.  Blow  water  from  snorkel  exhaust  line. 

DOW 

DOW 

Auxiliary  Machinery  Room  2 Upper 
Level 

These  actioni 
Verification 
Control  Consi 
any  action  w 
"hold"  sequel 
tion  diagnos 
maintenance 

1 

23.  Start  diesel  and  report  running  to  EOOW 

24.  Start  #1  vent  fan. 

Diesel  Generator  Watch 

Navigation  Center  Supervisor 

EOOW  will  Ini 
Plant  Consoli 
factory  to  si 
under  compute 
Engineering  fi 

25.  Report  "snorkel Ing"  to  00D. 

26.  Report  "normal  snorkel  board". 

EOOW 

COW 

Computer  will* 

_J 

27.  Secure  JA  phones. 

COW 

JA  phones  woq 
manual  overr^ 

28.  Report  to  EOOW  when  diesel  warmed  up. 

29.  Electrically  load  diesel. 

Diesel  Generator  Watch 

Electrical  Operator 

- — 

Diesel  status 
The  decisionj 
and  will  be  4 
Plant  Consoli 

30.  Secure  O2  bleed,  CO2  scrubber,  CO-H2 
burner. 

000 

These  action! 
request  of  00 

31.  Order  EOOW  to  unload  and  cooldown  the 
diesel . 

32.  Pass  the  word  on  IMC  "Secure  Snorkel ing". 

33.  Shut  down  and  secure  diesel. 

34.  Shut  outboard  Induction. 

35.  Pump  from  DCTs  outboard  by  order  of  00D 
to  trim  compensate. 

00D 

00D 

Diesel  Generator  Watch 

COW 

COW 

The  00D  will  j 
communication 
manual  Input \ 
of  diesel  by^ 
of  diesel  shjj 
console.  OOIl 
at  Ship's  Con 

36.  Shut  Inboard  induction. 

37.  Secure  #1  vent  fan. 

38.  Shut  Inboard  snorkel  exhaust 

1 

39.  Shut  head  valve. 

40.  Lower  snorkel  mast. 

41.  Secure  air  to  head  valve. 

Navigation  Center  Supervisor 

Navigation  Center  Supervisor 

Auxiliary  Machinery  Room  2 Upper 
Level 

COW 

COW  . 

Navigation  Center  Supervisor 

Activities  34 
control . Ve* 
Ship  Control 
ure  of  any  a< 
would  "hold" 
malfunction  « 
direct  me inti 

; 

■ 

-* j 

nery  Room  2 Upper 


r Supervisor 
t Supervisor 
ery  Room  2 Upper 


NEW  GENERATION  SSBN 


These  actions  would  be  performed  automatically  by  computer  control. 
Verification  of  their  accomplishment  would  be  displayed  at  Ship 
Control  Console  and  at  Engineering  Plant  Control  Console.  Failure  of 
any  action  would  Initiate  an  alarm  at  each  console  and  computer  would 
"hold"  sequence.  000  and  EOOW  could  Interrogate  computer  for  malfunc- 
tion diagnosis  and  Initiate  automatic  corrective  action  or  direct 
maintenance  technicians  to  perform  manual  corrective  actions. 


EOOW  will  initiate  "Start  Diesel"  by  manual  action  at  Engineering 
Plant  Console.  Computer  will  Inform  EOOW  when  conditions  are  satis- 
factory to  start  diesel.  Startup  and  verification  of  running  will  be 
under  computer  control  and  displayed  at  Ship's  Control  Console  and 
Engineering  Plant  Console. 


Computer  will  inform  OLD  and  EOOW  of  snorkel ing  status. 


JA  phones  would  be  available  for  use  as  emergency  only— in  case  of 
manual  override  of  computer  functions. 


Diesel  status  will  be  displayed  to  EOOW  at  Engineering  Plant  Console. 
The  decision  to  electrically  load  the  diesel  will  be  made  by  EOOW 
and  will  be  Initiated  by  him  by  a manual  control  action  at  Engineering 
Plant  Console. 


These  actions  will  be  accomplished  automatically  and  verified  (by 
request  of  00D)  at  Ship's  Control  Console. 


The  00D  will  Inform  EOOW  of  Intent  to  secure  snorkel ing  (method  of 
communication  may  be  verbal  via  comm  or  through  computer  bus  via 
manual  input).  EOOW  will  Initiate  unloading,  cooldown,  and  shutdown 
of  diesel  by  manual  input  at  Engineering  Plant  Console.  Verification 
of  diesel  shutdown  will  be  automatically  displayed  to' 00D  at  his 
console.  OOD  will  have  capability  for  emergency  shutdown  of  diesel 
at  Ship's  Control  Console. 


Activities  34  through  44  would  be  performed  automatically  by  computer 
control.  Verification  of  their  accomplishment  would  be  displayed  at 
Ship  Control  Console  and  at  Engineering  Plant  Control  Console.  Fail- 
ure of  any  action  would  Initiate  an  alarm  at  each  console  and  computer 
would  "hold"  sequence.  OOD  and  EOOW  could  interrogate  computer  for 
malfunction  diagnosis  and  Initiate  automatic  corrective  action  or 
direct  maintenance  technicians  to  perform  manual  corrective  actions. 
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Table  III- 6 (Concluded) 


BASELINE  SSBN 

1 

ACTIVITY  SEQUENCE 

CREW 

1 

42.  Lock  shut  outboareksnorkel  induction. 

43.  Lock  shut  outboard  snorkel  exhaust. 

44.  Line  up  ventilation  system  to  recirculate, 


Navigalion  Center  Supervisor. 

Auxiliary  Machinery  Room  2 Upper 
Level 

Mess  Cook 

Auxiliary  Machinery  Room  1 
Auxiliary  Machinery  Room  2 Upper 
Level 


45.  Pass  reports  of  secured  from  snorkel : 
COW  DOW  EOOW 


00D 


Verbal  repor 
to  snorkel Ing 
Ship's  Control 
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Analyses  of  casualty  situations  presented  a store  difficult  analysis 
task  since  there  are  so  many  different  kinds  of  emergency  situations 
to  consider.  Analyses  of  several  kinds  of  major  casualties  (fire, 
atmospheric  contamination,  and  flooding  indicated  that  a crew  comple- 
ment of  30  could  successfully  handle  the  casualty  situations.  The 
entire  crew  would  be  involved  in  similar  fashion  to  the  baseline  SSBN. 
The  essential  aspects  of  crew  response  to  casualty  situations  in  the 
new  generation  SSBN  are  that  when  damage  occurs: 

• sensed  data  from  the  ship  automatic  sensors  are  received  and 
displayed; 

• annunciation  may  be  automatic; 

• diagnosis  is  displayed; 

• suggested  solutions  (with  effects)  are  displayed; 

• corrective  action  is  initiated  remotely  (time  sensitive  correc- 
tions may  be  automatically  initiated) ; 

• equipment  status  is  continuously  and  rapidly  updated. 

The  usual  method  of  responuing  to  the  emergency  world  be  to  initiate 
corrective  action  remotely  (that  is,  under  computer  control). 

However,  if  remote  corrective  action  could  not  be  initiated: 

• a damage  control  crew  would  be  immediately  available; 

• individual  diagnostic  information  would  be  provided  (mechanical 
or  electrical  isolation); 

• unaffected  areas  of  the  ship  may  be  automatically  controlled; 

• change  in  ship  equipment  status  would  be  rapidly  updated  and 
may  be  announced; 

• the  capability  for  local  manual  operation  would  be  provided. 

A final  analysis  of  battle  stations,  torpedo  and  missile,  evolu- 
tions indicated  that  the  evolutions  could  be  performed  successfully 
by  the  crew  complement  of  30  crewmen.  The  crew's  support  of  battle 
evolutions,  torpedo  is  shown  in  Figure  1II-B-27  and  battle  evolu- 
tion, missile  is  shown  in  Figure  III-B-28  . 
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Figure  III-B-  26  New  Generation  SSBN  Administrative  Structure 


Fxguve  III-B-  27  Crew  Support  of  Battle  Evolution  Torpedo 


BATTLE  STATIONS  MISSILE 


Figure  III-B- 28  Crew  Support  of  Battle  Evolution  Mieeile 
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C.  ECONOMIC  ANALYSIS 


In  this  section  we  describe  the  economic  implications  of  providing  the 
technology  to  augment  the  crew's  capability  to  operate  the  submarine. 

It  will  be  noted  that  cost  was  included  as  one  of  the  factors  in  the 
evaluation  criteria  to  select  the  optimum  degree  of  mechanization 
(sections  B and  C).  Thus,  the  selection  process  establishes  the  best 
balance  of  performance,  availability,  and  cost.  Cost  is  an  important 
factor  and  in  the  following  paragraphs  we  describe  the  economic  impli- 
cations of  adding  automation  to  a new  generation  strategic  submarine. 

The  primary  objective  of  the  study  was  to  evaluate  the  feasibility  of 
applying  new  technology  to  the  submarine  to  enhance  its  availability 
on  station.  We  achieved  this  objective  through  an  optional  allocation 
of  operation  and  maintenance  functions  to  crew  and  machines.  The 
economics  of  the  study  thus  centered  on  investment  cost  for  mechaniza- 
tion and  redundancy  and  on  crew  costs. 

As  shown  in  Figure  III-C-l,the  results  of  this  economic  evaluation 
substantiated  the  results  of  the  system/cost  effectiveness  evaluation 
in  that  the  automation  concept  which  corresponds  to  a crew  of  30  is 
the  most  cost  effective  based  on  a life  cycle  cost  analysis.  Further, 
significant  cost  savings  over  a 25-year  period — $3.7  billion  in  1976 
dollars — are  indicated  by  this  analysis.  This  result  is  consistent 
with  the  economic  results  found  in  other  applications  of  machine  auto- 
mation to  assist  operation  and  maintenance  personnel. 

Figure  III-C-2  describes  the  study  approach  and  the  economic  analysis 
functions  we  performed  in  the  conduct  of  the  study.  The  technical 
study  elements  resulted  in  a point  design  concept  for  applying  auto- 
mation to  the  new  generation  submarine.  It  was  established  by  apply- 
ing a selection  criteria  that  assessed  the  relative  performance, 
availability,  and  cost  effectiveness  of  automating  detailed  system 
functions.  From  this  selection  evolved  a point  design  solution  for 
all  systems  of  the  submarine. 

The  economic  analysis  elements  are  shown  to  be  a cost  estimate,  a life 
cycle  cost  analysis,  and  a sensitivity  analysis.  The  cost  estimating 
was  based  on  a set  of  ground  rules  and  assumptions  wh!'v  defined  the 
economic  boundary  conditions  and  the  cost  elements  and  classes  of  cost 
pertinent  to  the  evaluation.  The  sources  of  data  are  shown  to  en- 
compass all  possible  methods  of  forward  pricing.  These  methods  were 
applied  to  various  elements  as  appropriate. 

The  life  cycle  cost  analysis  consisted  of  evaluating  the  new  design 
submarine  acquisition  and  ownership  in  terms  of  the  cost  elements 
selected  in  the  assumptions  and  evaluated  the  economic  characteris- 
tics over  a 25-year  planning  horizon.  The  sensitivity  analysis  examined 
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Figure  III~C-2  Approach 
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the  sensitivity  of  the  life  cycle  cost  in  terms  of  variation  in  crew 
billet  cost,  investment  cost  uncertainty,  and  degree  of  automation 
(and  equivalent  crew  size).  The  following  paragraphs  discuss  each 
of  these  elements  and  describe  the  analysis  results. 

Assumptions 


Assumptions  provide  the  framework  for  estimating  and  modeling  the 
economic  problem  and  defines  the  reference  point  for  conclusions  in- 
ferred from  the  analysis.  The  objective  of  this  analysis  was  to  use 
the  640  class  submarine  as  a reference  and  to  examine  economic  impact 
of  augmenting  a crew  capability  with  machine  automation.  The  economic 
analysis  was  not  aimed  at  modifying  the  640  class  submarine,  but  to 
infer  from  the  reference  economic  data  about  a new  generation  submar- 
ine. This  means  that  the  assumptions  for  estimating  investment  costs 
do  not  consider  refit  or  overhaul  approaches,  but  rather  that  the  de- 
sign and  integration  of  mechanization  is  an  integral  part  of  a 
"new  build". 

The  governing  assumptions  are  listed  in  Figure  IH-C-3.  As  shown,  these 
establish  schedule,  types  of  cost,  and  economic  factors  such  as  esca- 
lation/discount rates,  fleet  size  and  crew  size.  Host  of  these  assump- 
tions need  no  explanation.  Those  that  deserve  further  detailing  are 
discussed  in  the  following  paragraphs. 

a. ^  Schedule  - As  shown  in  Figure  III-C-4,the  25-year  planning 
horizon  was  broken  down  into  a 3-year  development,  6-year  production, 
and  20-year  ownership.  Figure  IIX-C-4  shows  how  these  periods  relate 
in  time  and  show  how  an  assumed  fleet  of  40  new  generation  submarines 
would  be  acquired. 

b.  Present  Value  - The  analysis  of  costs  is  made  in  escalated  and 
discounted  dollars  (present  value)  using  a 7%  constant  escalation  and 

a 10%  discount  rate.  Present  value  provides  the  means  for  time  weight- 
ing the  use  of  money  and  is  required  by  DOD  DIR  7043.1  for  economic 
evaluation  of  major  new  programs. 

A seven  percent  escalation  rate  was  chosen  as  a conservative  es- 
timate of  aerospace  and  military  labor  and  automation  material.  This 
rate  together  with  a 10%  discount  rate  results  in  a bias  of  economic 
advantage  in  the  favor  of  large  crew  and  no  mechanization.  This  means 
that  if  the  results  show  a cost  benefit  in  favor  of  machine  augmenta- 
tion, it  will  occur  under  unfavorable  conditions.  This  approach 
should  in  part  cancel  out  tendencies  to  be  optimistic  about  mechaniza- 
tion costs. 
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• 3 YEAR  DEVELOPMENT,  6 YEAR  PRODUCTION  j 

I 25  YEAR  PLANNING  HORIZON 

• 20  YEAR  OWNERSHIP  ) 

• EVALUATION  BASED  ON  PRESENT  WORTH 

7%  ESCALATION  OVER  PLANNING  HORIZON 
10%  DISCOUNT  RATE 

• INVESTMENT  COST  OF  DESIGN,  DEVELOPMENT,  PRODUCTION  AND  OWNERSHIP 

• INVESTMENT  COST  INCLUDES  LABOR,  MATERIAL,  ODC,  G&A  AND  FEE--COST 
TO  GOVERNMENT 

• CREW  COST  (1976)  - $19,000/YEAR 

• FLEET  OF  40  SUBMARINES 

• TWO  CREW  SYSTEM— 300  FOR  640  SUBMARINE 

• COST  OF  INSTALLATION  ON  BOAT  NOT  INCLUDED 

• LIMITED  CONTRACTOR  ON  SITE  SUPPORT  DURING  20  YEAR  OPERATION 

Figure  III-C-3  Cost  Evaluation  Assumptions 


Present  value  is  defined  as: 

PV  => 

0 

where  V.  is  current  year  cost  and  r is  the  discount  rate.  Table  III-Ol 
lists  the  discount  rates  used  in  this  analysis. 

c.  Cost  Elements  - As  shown  in  Table  III-C-1,  investment  costs  in- 
clude labor,  material  and  services,  burdened  with  overhead,  general 
and  administrative,  and  fee  and  also  include  estimates  for  other  direct 
charges  (ODC)  such  as  travel  and  computer  time.  These  classes  of  cost 
were  applied  to  the  cost  elements  shown  in  Table  III-C-2.  This  table 
describes  the  work  breakdown  structure  for  estimating  investment  costs 
for  RDT&E,  production  and  operations  phases. 
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Figure  II1-C-4  Cost  Analysis  Schedule 
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Table  III-C-1  Present  Value  of  $ 1 (Single  Amount-- to  be  used  when 
cash  flows  accrue  in  different  amounts  each  year. ) 


Project 

Year 

10% 

Project 

Year 

10% 

1 

0.954 

14 

0.276 

2 

0.867 

15 

0.251 

3 

0.788 

16 

0.223 

4 

0.717 

17 

0.208 

5 

0.652 

18 

0.189 

6 

0.592 

19 

0.172 

7 

0.538 

20 

0.156 

8 

0.489 

21 

0.142 

9 

0.445 

22 

0.129 

10 

0.405 

23 

0.117 

11 

0.368 

24 

0.107 

12 

0.334 

25 

0.097 

13 

0.304 

Table  IT1-C-2  Investment  Cost  Elements 


Program  Management 

C&DM,  Planning  and  Control,  Project  Manage- 
ment 

Systems  Engineering 
and  Integration 

Requirements  Definition,  Specification  Con- 
trol, ICD  Definition  and  Control 

design 

Mechanical,  Electrical,  Electronic,  Structural 

Manufacturi ng/Tool i ng/ 
Quality  Control 

Detail  Manufacturing,  Material  Procurement, 
Assembly 

GSE  Design 

Mechanical,  Electrical,  Electronic,  Structures 

GSE  Manufacturing/Tool- 
ing/Quality Control 

Detail  Manufacturing,  Material  Procurement, 
Assembly 

Software  Design/ 
Development 

Requirements  Definition,  Program  Design,  and 
Test 

Test 

Development,  Qualification,  Integration,  and 
Ship  Trial 

Reliability  and  Safety 

Reliability  Allocation,  FMEA,  Hazard  Analysis 

| Logistics 

Analysis  and  System  Design  for  Transportation, 
Maintenance,  Spares,  Training 
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d.  Crew  Cost  - To  facilitate  the  economic  analysis  an  average 
cost  of  $19,000  per  man  year  was  used.  This  cost  Includes  all  DOD 
attributable  cost — an  average  mix  of  rating  on  a 150-man  submarine. 

It  ^luiee  basic  pay,  training  cost,  retirement  cost,  and  re-enlist- 
men.  T os-.:.  This  average  was  arrived  at  based  on  a study  of  Navy 
Military  Manpower  Billet  Coat  Data  for  Life  Cyale  Planning  Purposes , 
NAVPERS  15163  and  R-1790-ARPA,  November  1975,  The  Eoonomioe  of  Naval 
Ship  Automation:  An  Analyeia  of  Propoaed  Automation  of  the  DE-1062. 
Considerable  question  exists  as  to  the  validity  of  an  averate  rate, 
but  ir.  concluded  that  this  average  was  within  +20%  which  is  equivalent 
to  estimates  of  other  cost  elements. 

e.  Cost  of  Installation  on  the  Boat  Not  Included  - The  study  is 
aimed  at  definition  of  mechanization  of  existing  subsystems  on  a new 
generation  submarine  and  not  conceiving  totally  new  systems.  As  such, 
the  installation  of  the  automation  systems  by  the  boat  company  would 
be  only  a small  additional  cost  and  this  was  judged  to  be  insignifi- 
cant in  comparison  with  the  design  and  production  of  the  automation 
systems.  Cost  of  integration  by  the  designer  of  the  automation  sys- 
tems was  included  as  a part  of  the  RDT&E  and  production  cost  based 

on  support  to  the  boat  company. 

Cost  Evaluation 


Cost  evaluation  proceeded  from  a mechanization  concept  for  the  sub- 
marine. This  concept  consisted  of  a point  design  solution  described 
in  terms  of  block  diagrams,  description  of  the  automation  functions, 
and  an  estimate  of  the  hardware  and  software  required  to  implement 
it.  This  concept  definition  was  made  for  each  subsystem  and  included 
monitoring,  control,  diagnostic  and  redundancy  requirements.  Cost 
estimates  were  developed  for  each  subsystem  based  on  these  data  and 
then  the  central  control  computer  capability  was  sized  to  accommodate 
the  aggregate  of  the  subsystem  requirements. 

The  initial  cost  analysis  was  performed  on  the  single  point  design 
which  corresponds  to  a system  requiring  30  crewmen.  Subsequently, 
a sensitivity  of  cost  vs  crew  size  was  performed  using  the  optimal 
design  as  a reference  point.  Feasible  combinations  of  subsystems 
automation  that  corresponded  to  crews  of  60  and  125  were  defined 
and  their  corresponding  investment  and  crew  costs  were  computed. 

We  also  postulated  a crew  of  15  and  configured  the  automation  in- 
crease that  would  be  required  to  accommodate  it.  It  should  be  noted 
that  the  operational  feasibility  of  a crew  of  15  is  questionable, 
particularly  from  a damage/emergency  standpoint.  The  only  purpose 
of  this  effort  was  to  examine  the  investment  cost  impact  of  going 
beyond  the  optional  solution  which  corresponds  to  a crew  of  30. 


These  data  provided  the  means  for  defining  the  relationship  between 
investment  and  crew  costs  over  a range  of  degrees  of  automation. 

The  methods  and  results  of  these  efforts  are  described  below. 

a.  Cost  Equation  - The  life  cycle  cost  model  used  in  determining 
the  cost  of  the  point  design  solution  is  shown  below. 

C_  - C.,  + C,  + C*  + C,  + Cc  (all  other  costs  con- 
A sidered  sunk) 


■ New  equipment  design/development  cost 

C£  * Production  cost 

* Integration  and  support  cost 

C.  ■ Material  and  labor  maintenance  cost 
4 

C,.  * New  crew  co3t 

The  cost  benefits  are  therefore  the  difference  between  and  the 
150-man  crew  of  the  640  submarine.  The  terms  of  the  equation  were 
quantified  using  appropriate  estimating  methods.  Major  hardware  was 
selected  from  existing  equipment  used  in  the  fleet  and  quotes  from 
vendors  were  obtained.  Where  analogy  could  be  drawn  to  similar  de- 
sign, development,  or  production  costs,  these  were  used.  Other  es- 
timates were  based  on  cost  estimating  relationships  and  bottoms-up 
estimate  constructions. 

b.  Cost  Analysis  Results  - Cost  estimates  were  developed  for 
each  of  the  subsystems  and  these  cost  elements  were  distributed  in 
time  streams  as  shown  in  Figure  III-C-5.  In  this  development  of  cost, 
the  nucleus  control  system  was  kept  as  a separate  "new"  system.  This 
system  represents  the  command  and  control  and  computer  capability  to 
support  the  submarine  subsystem  monitoring,  diagnostics,  displays  for 
recommended  action,  and  remote  initiation  of  corrective  actions. 

The  hardware  estimated  for  each  subsystem  is  shown  In  Figure 
III-C-6,  As  noted  on  the  figure,  the  nucleus  central  control  in- 
clu  is  executive  and  controls  and  displays  software  and  each  sub- 
system is  charged  with  its  unique  control  software.  A significant 
difference  in  cost  exists  between  the  two  ($26  per  word  for  Executive 
and  Display  vs  $200  per  word  for  Control  software).  This  hardware 
estimate  was  arrived  at  by  surveying  each  subsystem  design,  identi- 
fying additional  automation,  and  the  approximate  number  and  types 
of  components  required. 
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Figure  ITT-C-S  Estimated  Investment  Cost  far  Crew  of  30  Point  Desigri  in  197  ff  loll  are 


of  30  Point  design  in  19? $ Dollare  (Millione) 
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Figure  III-C-7  summarizes  the  investment  cost  (with  nucleus  con- 
trol cost  and  damage  control  cost  apportioned  to  each  submarine 
system)  and  shows  the  relative  savings  accrued  from  automation  of 
selected  submarine  functions.  The  figure  shows  original  crew  costs 
and  new  crew  costs  for  each  subsystem.  New  crew  assignments  were 
based  on  where  the  majority  of  work  acsignments  exist.  Even  though 
certain  subsystems  show  ns  crew  costs,  appropriately  trained  personnel 
are  available  from  other  areas  for  maintenance  functions.  Damage  and 
casualty  control  has  been  left  off  since  there  is  no  definitive  way 
of  expressing  savings.  This  subsystem  is  a "red  light"  or  emergency 
function  where  all  personnel  on  the  submarine  contribute  as  required 
to  restore  the  boat  to  a safe  condition.  The  investment  cost  for 
this  subsystem  is  apportioned  among  the  other  subsystems. 

The  figure  shows  the  relative  ranking  of  cost  benefits  for  each 
of  the  subsystems.  This  ranking  provides  a guide  to  the  relative 
value  gained  by  introducing  automation  to  augment  crew  capabilities. 

It  should  be  remembered  that  the  point  design  concept  is  integral 
and  cannot  be  arbitrarily  considered  separable.  Crew  sizing  and 
skill  mix  across  all  subsystems  is  consistent  and  only  logical  and 
feasible  variations  can  be  made.  It  would  be  tempting  to  divide  the 
savirgs  by  the  investment  cost  and  only  elect  to  automate  those  sub- 
system' having  a good  return  on  investment.  This,  however,  is  not 
possible  with  the  initial  concept  definition.  Such  an  optimization 
could  be  accomplished  in  a later  definition  phase. 

The  preceding  data  presented  the  point  design  cost  in  1976  dol- 
lars. Table  III-C-3  presents  the  cost  in  escalated  and  discounted 
present  worth. 


Table  TTT-C-3  Cost  of  Point  Design  (Crew  of  30)  tn  Present  Worth 


Subsystem 

Investment  Cost 

In  Present  Worth 

Crew  Cost 

In  Present  Worth 

Central  Control 

$ 91.98 

$616.1  millions 

Ship  Control 

77.17 

Auxiliary  Systems 

71.7 

Habitahi  1 i tw  and  Fn- 

49.84 

vironmental  Control 

Defensive  Systems 

29.8 

Engineering 

80.94 

Strategic  Systems 

75.3 

Navigation 

14.3 

Sonar  and  ECM 

36.61 

External  Comm. 

29.3 

Casualty  and  Damage 

Control 

24.13 

$581.1  millions 
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Autorr,ati  on 
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Present  worth  weights  the  time  value  of  money  and  in  this  case 
weights  heavily  (see  Table  III-C-1)  crew  costs  which  occur  in  the 
latter  portion  of  the  25  year  period  of  performance.  The  original 
crew  costs  for  the  150  man  crew  in  present  worth  is  $3,081  millions, 
therefore  the  net  savings  is : 


3,081  - (581.1  + 616.1)  - $1,884  millions  in  present  worth 


and  the  return  on  investment  is 


1,884 

481.1 


3.24. 


This  shows  that  the  point  design  which  relegates  function  to  machines 
that  machines  can  do  best  and  functions  to  crew  which  they  can  do 
best  has  a significant  and  positive  value. 

This  data  on  the  point  design  represents  only  one  point  and 
therefore  does  not  show  how  automation  and  cost  savings  vary  with 
crew  size  which  is  a significant  element  of  cost  in  the  submarine 
fleet  ownership.  In  tha  following  section,  the  results  of  a sensi- 
tivity study  are  presented  which  show  how  the  life  cycle  costs  vary 
as  a function  of  crew  size  and  other  program  parameters. 

c.  Sensitivity  Analysis  - The  purpose  of  the  cost  sensitivity 
aralysis  is  twofold — to  determine  if  cost  as  a function  of  crew  size 
substantiates  the  point  design  corresponding  to  a crew  of  30  was 
optimum,  and  to  determine  if  uncertainty  factors  in  the  analysis 
would  significantly  impact  the  conclusion  that  the  point  design  so- 
lution represented  a large  cost  benefit  over  a 25-year  planning 
horizon.  The  selection  approach  used  to  synthesize  and  size  the 
mechanization  of  subsystem  elements  and  size  the  crew  to  30  combined 
system  and  cost  effective  considerations.  This  approach  showed  the 
crew  of  30  concept  yielded  the  greatest  total  effectiveness.  To  es- 
tablish the  sensitivity  of  cost  savings  to  crew  size,  feasible  combi- 
nations of  subsystems  within  the  point  design  which  corresponded  to 
crews  of  60  and  125  were  identified  and  the  investment  and  crew  costs 
for  these  combinations  were  computed.  The  subsystem  combinations  used 
are  shown  in  Figure  111-08. 

Two  candidates  were  found  for  a crew  of  60  which  satisfied  the 
requirement  of  the  functional  task  analysis.  The  equipment  comple- 
ment for  these  configurations  is  shown  in  Figures  III-C-9  and  -10. 


Crew  Size 

r- — 

Subsystems  Automated 

125 

Engineering 

60 

Ship  Control 

Navigation 

External  Communications 
Engineering 

Auxiliary  Systems 

60 

Ship  Control 

Navigation 

Auxiliary  Systems 

Habitability  and  Environment 
Strategic  Systems 

External  Communications 

Figure  III-C-8  Automated  Subsystems  for  Crews  of  60  and  125 
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Hardware  and  software  estimates  are  in  addition  to  those  in  the  640  reference 
configuration. 


* AN/UYQ-20 

**  Central  automation  display  includes  executive  and  display  software; 

subsystems  include  control  software 
***  00-326 (U )/UYK — S = single  display;  D = double  display 


Figure  1II-C-9  Hardware  and  Software  Estimate  for  Cost  Analysis  - 
Crew  125 

To  investigate  the  life  cycle  cost  effects  of  a mechanization 
greater  than  the  point  design  (crew  of  30),  we  determined  the  impact 
on  investment  for  a hypothetical  design  which  used  a crew  of  15.  Thju 
configuration  is  hypothetical  because  analysis  showed  that  15  men  could 
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* AN/UYQ-20 

**  Central  automation  system  includes  executive  and  display  software;  sub- 
system software  is  for  control 

***  0J-326(U)/UYK--S  = single  display;  D = double  display 

Figure  III-C-10  Hardware  and  Software  Estimate  for  Cost  Analysis — Crew  60 

not  efficiently  man  the  submarine,  particulary  under  emergency  condi- 
tions. Figures  T.II-C-11  and  -12  shew  the  relative  increase  in  equipment. 

In  addition  to  hardware  impact  evaluation,  the  additional  coat  for 
RDT&E,  production,  operations,  and  support  was  considered.  The  crew 
costs  in  this  initial  analysis  were  held  constant  at  $19,000  per  man 
year.  The  resulting  cost  data  were  pic t. tad  as  two  separate  terms — 
investment  and  crew  cost.  The  sum  of  these  twe  terms  represent"  ex- 
pected program  life  cycle  cost  as  a function  of  crew  size  as  Bhown  in 
Figure  III-C-13.  Thio  curve  shows  that  the  minimum  life  cycle  coat  (LCC) 
occurs  at  about  a crew  of  30,  thus  substantiating  the  results  of  the 
evaluation  used  to  select  tha  point  design  solution.  The  investment 
curve  has  a characteristic  shape  seen  in  most  automation  problems.  It 
is  obvious  from  the  shape  of  tha  LCC  curve  that  design  solutions  equi- 
valent to  crew  sizes  less  than  30  are  not  cost  effective  since  the 
same  value  LCC  can  be  obtained  at  a design  equivalent  to  a larger 
crew  where  the  only  difference  is  the  ratio  between  investment  and 
crew  costs. 
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This  curve  provided  one  additional  important  piece  of  data.  The 
reference  640  crew  size  was  150  and  the  total  LCC  for  this  point  on 
the  curve  is  $3,081  millions  in  present  worth.  The  difference  between 
this  value  and  the  LCC  for  any  crew  configuration  is  the  potential 
savings.  For  a crew  of  30  this  savings  is: 

150  Crew  Configuration  $3,081.0 

30  Crew  Configuration  1,197.2 

Savings  over  25  years  $1,883.8  millions 

This  shows  that  potentially  a more  realistic  division  of  work  functions 
with  increased  redundancy  between  automated  systems  and  crew  can  re- 
sult in  significant  savings  in  weighted  dollars.  The  same  results  in 
1976  dollars  are  more  dramatic,  but  less  meaningful  since  this  does 
not  consider  the  time  value  of  money: 

1976  Dollars  (in  millions) 

150  Crew  Configuration  $5,700 

30  Crew  Configuration  1,938 

$3,762 

To  further  examine  the  validity  of  the  cost  data  we  observed  that 
because  of  the  early  stage  of  maturity  of  the  concept  definition, 
the  cost  estimates  have  a high  degree  of  uncertainty.  Table  III-C-4 
shows  estimating  accuracy  as  a function  of  various  states  of  design 
maturity.  The  studied  area  identifies  the  accuracies  associated  with 
this  analysis. 

Judgment  indicated  the  best  approach  to  evaluating  the  sensitivity 
in  light  of  the  concept  maturity  was  to  determine  the  effect  of  doub- 
ling the  investment  cost.  The  data  presented  in  the  curve  is  more  in 
line  with  a more  in-depth  concept  study.  The  resulting  LCC  for  double 
investment  cost  is  shown  in  Figure  XXX*,'G*‘~14  • The  minimum  LCC  point 
changes  slightly  (to  42  crewmen)  which  is  well  within  the  accuracy  of 
the  point  design. 

Next  we  examined  the  crew  cost  term  of  the  LCC  equation.  The 
average  of  $19,000  per  man  year  for  a 150  man  crew  would  not  neces- 
sarily apply  to  a new  crew  of  smaller  size.  The  ship  manning  require- 
ments would  move  to  higher  ratings  and  more  skilled  personnel.  To 
determine  the  sensitivity  to  changes  in  average  rate,  we  assumed  the 
rate  would  vary  linearly  from  a crew  of  1 to  150  and  assumed  the  aver- 
age would  double  over  this  range,  i.e,,  $38,000  to  $.19,000  per  man 
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Investment  Cost  + 100 % 


Table  III-C-4  Estimating  Acauvacy 


Estimating 

Approach 

Design  Maturity  Status 

New  Design 

Existing  Design 

1* 

2** 

Major 

Mod. 

Minor 

Mod. 

Off-the- 
Siiel  f 

General  CERs 

+100* 

+50% 

+50% 

+50% 

+50% 

Specific 

Appl 1 cable 

CERs 

+50% 

+15% 

+15% 

+15% 

+15% 

Point  Design 
Estimate 

+30% 

+ 15% 

+10% 

+5% 

+5% 

Analogy  to 
Existing 

Design 

+20% 

+10% 

+10% 

+5% 

+5% 

Vendor  Quote 

+20% 

+10% 

+10% 

+5% 

+5% 

* Some  design  features  either  pushing  or  exceeding  state  of  the 
art 

**  New  design  using  existing  state  of  the  art  technology 

year  as  shown  in  Figure  III-C-15'.  The  resulting  impact  on  the  LCC 
vs  crew  size  is  shown  in  Figure  III-C-16.  Again,  chis  verifies  that 
the  crew  of  30  represents  approximately  the  right  value  for  minimum 
LCC  and  conversely,  maximum  savings  over  the  640  reference  config- 
uration. It  is  obvious  that  the  assumed  variations  in  minimum  LCC 
due  to  uncertainty  in  investment  cost  and  crew  cost  do  not  change 
the  decision  that  the  point  design  equivalent  to  a crew  of  30  is 
near  optimum  and  that  the  expected  savings  are  as  indicated. 

The  estimated  cost  for  the  point  design  solution  in  1976  dollars 
is  shown  in  Figure  III-C-17 . Noted  on  the  tJ.gure  is  the  percentages 
for  the  program  cost  components.  These  ar.'.  shown  below  compared  to 
the  average  cost  breakdown  for  major  weapons  systems. 


Development 

Production 

Point  Design 

5% 

33% 

Weapon  System 
Average 

15%  . 

35% 

Operations 
and  Support 

62% 

50 % 
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CREW  SIZE 


3081 


Figure  III-C-16'  Life  Cycle  Cost  Analysis  Based  on  Distributed  Average  Crew  Cost 


CUMULATIVE  COST 


These  are  in  sufficient  agreement  for  the  state  of  maturity  of  the 
concept  definition. 


In  summary,  an  orderly  and  methodical  economic  analysis  substan- 
tiated the  evaluation  and  selection  results  used  to  select  the  de- 
grees of  automation  for  aach  subsystem  and  to  define  a mechanization 
concept  which  established  an  allocation  of  submarine  functions  be- 
tween machine  automation  and  crew.  This  balance  between  automation 
and  crew  resulted  in  a crew  of  30  with  the  same  officer  complement 
presently  used  to  man  the  640  submarine  sensitivity  analysis  substan- 
tiated the  economics  and  showed  potentially  large  life  cycle  cost 
savings  over  current  crew  costs  could  be  achieved  by  an  integrated, 
systems  approach  to  the  design  of  a new  generation  submarine. 
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I V . CONCLUSIONS  AND  RECOMMENDATIONS 


A.  CONCLUSIONS 


A crew  of  30  officers  and  men  interacting  with  computers  via  controls 
and  displays  provides  the  00D  and  EOOW  more  information,  diagnostic 
capability,  and  control  capability  than  currently  exists  in  the  base- 
line SSBN. 

Other  advantages  of  the  new  generation  SSBN  when  compared  to  the 
baseline  SSBN  are: 

(a)  it  makes  less  noise; 

(b)  redundant  equipment  minimizes  system  failures; 

(c)  computerized  data  transfer  eliminates  communication  problems; 

(d)  automated  response  to  emergency  situations  minimized  casualties; 

(e)  response  to  casualty  situations  is  prompt  and  efficient; 

(f)  mechanization  could  allow  submarine  to  be  made  smaller  and 
faster; 

(g)  smaller  crew  complement  permits  large  scale  improvements  in 
haoitabillty ; 

(h)  human  error  potential  is  minimized; 

(i)  equipment  standardization  can  be  utilized; 

(j)  choice  of  operating  cycles  is  varied; 

(k)  in-port  maintenance  time  can  be  predicted  and  scheduled;  and 

(l)  more,  efficient  personnel  usage  contributes  to  higher  job  satis- 
faction. 

Our  study  shows  that  present-day  technology  readily  permits  the 
mechanization  of  many  of  the  submarine  subsystems.  Solid-state 
integrated  circuitry  has  reached  the  state  where  thousands  of  hours 
of  failure-free  life  may  be  expected  from  currently  available  equip- 
ments. Use  of  redundancy  techniques  further  assures  that  a component 
can  fail  without  degrading  operation  of  a subsystem.  Redundancy 

( ; 
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improves  availability  such  that  the  new  generation  submarine  could 
stay  on  station  for  periods  up  to  one  year.  Automatic  failure  re- 
porting enables  the  faulted  part  to  be  readily  replaced  or  repaired 
and  the  subsystem  returned  to  its  "fail-operate"  status.  This  re- 
pair can  easily  be  made  at  sea.  The  utilization  of  computers  and 
microprocessors  permits  the  design  of  automated  equipment  to  relieve 
man  of  mundane  or  repetitive  operations  and  either  takes  over  for 
him  or  provides  him  with  recommendations  for  operation  during  unusual 
(casualty)  conditions.  The  computer  can  operate  under  stress  condi- 
tions faster  than  man  and  without  errors.  Implementing  these  concepts 
would  save  several  billion  dollars  in  life  cycle  costs  when  applied 
to  the  strategic  submarine  force. 


RECOMMENDATIONS 


It  is  recommended  that  the  man/machine  interactive  concept  presented 
in  this  report  be  implemented.  A three-stage  development  plan  span- 
ning seven  years  is  recommended  with  assessment  of  the  success  on  a 
yearly  basis  allowing  decisions  to  continue  or  terminate  the  project. 
A schedule  to  accomplish  the  activities  is  presented  in  Table  IV-B-1. 
The  schedule  is  conservative  and  could  be  shortened  if  desired.  No 
great  expenditure  of  funds  is  required  in  any  but  Stage  3,  thereby 
minimizing  the  cost  risk  of  the  project.  The  three  stages  are: 

Stage  1 

Establish  that  a submarine  can  be  automated  by  demonstrating  the 
replacement  of  a manual  operations  with  computer-controlled  opera- 
tions using  a laboratory  mock up . 


• Select  scenarios;  e.g.,  cruise,  strategic  and  tactical 
operation,  with  both  a nominal  and  a damaged  boat. 

• Write  the  equation  of  motion  which  models  the  boat  and 
its  systems;  derive  the  control  laws  to  automate  the 
systems — formulate  in  computer  language. 

• Build  the  control  and  display  station;  program  the  soft- 
ware in  computers  so  a closed  loop  model  is  achieved. 

• Design  a series' of  simulated  boat  exercises;  for  example, 
ships  control  system,  strategic  weapons  system,  and  de- 
fense weapons  systems. 
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• Demonstrate  the  automatic  action  by  having  a submarine 
officer  initiate,  monitor,  and  alter  the  exercises  while 
operating  from  the  control  and  display  console. 


Stage  7. 

Gain  user  acceptance  by  choosing  a test  submarine  for  modification. 
The  boat  selected  could  be  one  which  is  entering  its  normal  five- 
year  overhaul  time  or  one  which  would  normally  have  been  replaced 
by  a trident,  or  by  use  of  one  of  Lhe  test  program  tactical  boats. 


• Select  a major  system  of  the  submarine  for  automation; 
e.g.,  ships  control: 

- submerging  and  surfacing, 

- buoyancy  (trim,  depth,  and  drain), 

- steering  and  diving. 

• Design  the  computerized  system. 

• Build  it  into  the  selected  submarine. 

« Conduct  se.c  test. 

• Demonstrate  man/machine  interactive  operation. 


Stage  3 

Exercise  option  to  modify  current  SSBNs  or  complete  the  design  of  the 
new  generation  SSBN  applying  this  concept. 


ADDITIONAL  TECHNOLOGY  ISSUES 


As  a result  of  the  analysis  to  determine  the  concepts  and  design 
criteria  for  a new  generation  submarine  several  technology  areas 
were  identified  where  further  development  is  deemed  advantageous. 
These  areas  of  new  technology  axe  discussed  in  the  following  para- 
graphs. 

(1)  Control  of  the  new  generation  submarine  is  based  on  central- 
ized operation  from  the  Ship  Control  Console.  Multiple  CRT 
displays  are  proposed  to  present  status  and  operational  data 
to  the  00D.  Additional  study  must  be  done  in  the  design  of 
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this  console  to  minimize  operator  fatigue  in  watching  these  dis- 
plays; also  the  best  method  of  alerting  the  operator  to  changing 
or  alarm  information  must  be  determined.  Optimization  of  the  man/ 
machine  interface  must  be  accomplished.  The  nature  and  format 
of  what  information  is  displayed  on  which  CRT  must  be  determined. 
The  TV  display  from  a Type  18  periscope  should  be  incorporated 
into  the  console. 


! 
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(2)  The  proposed  centralized  ship  control  station  utilizes  a dis- 
tributed processor  system  controlled  by  a master  computer. 
Further  investigation  should  determine  the  exact  configuration 
of  this  master  computer  to  assure  maximum  use  of  this  computer. 
Various  redundancy  techniques  should  be  studied  to  provide  high 
computer  availability. 


1 


(3)  Communication  between  the  master  computer  and  the  locally  posi-  I] 

tioned  satellite  computers  is  by  data  bus.  It  is  believed  J| 

desirable  that  redundant  data  buses  be  used.  Further  study  H 

should  be  performed  to  determine  whether  conventional  co-axial  |j 

cable  or  fiber  optic  light  pipes  should  be  used  in  this  trans-  h 

mission  path.  Consideration  should  be  given  as  to  the  nature  j jj 

of  redundancy  of  the  data  buses . j •] 

! i 

i j 

(4)  Preprogrammed  microprocessors  have  been  proposed  as  the  satel-  1 

lite  computers.  Additional  study  should  be  done  on  their  1 j 

acceptability  to  gather  data  and  issue  control  orders  on  com-  : 1 

mand  from  the  master  computer  in  the  submarine  environment.  j f 

5 | 

(5)  Further  design  on  the  triple  redundant  majority  voting  LSI  J 

Device  Controllers  should  be  undertaken  to  prove  its  accept-  ; \ 

ability  for  submarine  use. 

j 

(6)  Present  external  communication  techniques  must  be  improved.  i 

Loss  of  communication  reduces  the  submarine's  availability.  j 

Determination  of  "windows"  in  the  sea  water,  new  antenna  ’ 

design,  error  correcting  codes,  and  automated  message  process- 
ing should  all  be  investigated. 


i 


(7)  Automation  of  sonar  techniques  should  be  developed  enabling 

the  computers  to  identify  specific  ships  or  other  objects  from 
their  sonar  signatures. 


(8) 


Standardization  of  power  voltages  and  frequencies  should  be 
reviewed.  The  use  of  400  cycle  power  will  reduce  the  size 
of  components.  DC  to  AC  converters  are  now  highly  efficient 
and  reliable.  Their  use  in  conjunction  with  the  ship  batter- 
ies could  minimize  DC  requirements. 
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(9)  New  concepts  in  pneumatic/hydraulic/electrical  actuators  should 
be  studied  to  improve  reliability  and  minimize  the  need  for 
high  pressure  control  lines. 

(10)  Utilization  of  the  ship’s  computers  for  trend  analysis,  failure 
reporting,  inventory  control,  and  other  record  keeping  functions 
should  be  studied. 

(11)  The  smaller  crew  complement  required  should  make  more  space 
available  and  effective  utilization  to  improve  crew  quarters 
should  be  investigated. 

It  is  further  recommended  that  investigation  into  the  additional  tech- 
nology issues  listed  in  Table  TV-C-  1 is  warranted.  Each  one  is  an  area 
where  improvement  in  a design  or  an  increase  in  knowledge  of  physical 
limitation  would  lead  to  more  effective  submarine  operation. 
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Table  IV-C-j  Additional  Technology  Issues 

1.  Covert  message  acceptance  with  no  operational  constraints. 

2.  Command  and  control  validation  of  messages. 

3.  Sound  Isolation  mounts. 

4.  Propulsion  plant  efficiency. 

5.  Steam  generator  corrosion. 

6.  Battery  charge/discharge  characteristics  and  lifetime. 

/.  Shaft  torque  limits  (properller  drive). 

8.  Casualty  sensing  detectors. 

9.  Secondary  velocity  sensor  (non- inertial ). 

10.  Covert  navigation  fix  capability. 

11.  Covert  heading  fix. 

12.  Message  copy  capability. 

13.  Passive  sonar  detector  (bandwidth  ana  discrete  frequency). 

14.  Target  motion  analysis  determination  (with  limited  input). 

15.  Hydrodynamic  flow  restrictions. 

16.  Control  surface  flow'  cavitation  limitations. 

17.  Atmospheric  detectors/analyzers. 

18.  Human  atmospheric  tolerance  bounds. 

19.  Food  storage. 

20.  Trash  disposal. 

21.  Radiation  detectors  and  human  tolerance. 

22.  Heat  transfer  capabilities  versus  size  of  heat  exchangers. 
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APPENDICES 


I.  DESIGN  CONCEPTS 


A.  CENTRALIZED  CONTROL 


Current  submarine,  design  concepts  rely  heavily  upon  manually  performed 
or  manually  initiated  tasks.  Our  study  has  indicated  that  mechani- 
zation of  a selected  number  of  these  tasks  would  improve  submarine 
operation  and  improve  system  efficiency. 

The  study  has  shown  that  a minimum  sized  crew  could  strategically 
operate  a mechanized  submarine.  To  accomplish  this,  selected  opera- 
tional information  and  control  capability  would  be  centralized  in  a 
control  console  manned  by  the  Officer  of  the  Deck  (00D) . An  addi- 
tional manned  console  to  support  engineering  plant  functions  would 
be  operated  by  the  Engineering  Officer  of  the  Watch  (EOOW) . Other 
consoles,  normally  unmanned,  are  provided  for  use  in  special  stra- 
tegic or  tactical  situations.  Figure  A-I-l  shows  the  physical 
concept  of  ship  mission  control  capability. 

A computerized  system  is  suggested  to  achieve  the  centralized 
control  discussed  above.  Figure  A-I-2  presents  a block  diagram 
of  a candidate  centralized  ship  mission  control  system. 

A distributed  computer  system  design  concept  has  been  selected  to 
allow  the  main  control  computers  the  maximum  opportunity  to  support 
the  OOD  and  EOOW.  Distributed  computers  perform  functions  as  com- 
manded by  the  main  computer.  The  distributed  computers  execute 
checklists,  check  equipment  status,  make  decisions,  actuate  control 
devices,  and  collect  data,  which  is  filtered  to  remove  unwanted, 
unnecessary,  or  routine  information  before  being  transmitted  to 
the  primary  computer.  This  reduces  the  functional  control  activity 
of  the  main  control  computer,  allowing  maximum  time  to  be  devoted 
to  the  system  management  and  support  of  the  console  and  its  dis- 
plays. 

The  OOD  and  EOOW  may  select  the  desired  level  of  operator/computer 
interaction.  Basic  levels  of  interaction  are  to  coutiuaud  the 
individual  action,  subfunction,  function,  or  mission  segments  to 
be  performed.  For  each  level  of  interaction  the  computer  system 
provides  controls  and  displays  with  the  appropriate  level  of  detail. 
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Figure  A-I-l  Concept  of  Ship  Mission  Control  Capability 
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Figure  A-I-2  Ships  Mission  Control  System 
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REDUNDANCY 


B. 


Redundancy  techniques  and  use  of  highly  reliable  equipment  and 
components  will  assure  high  availability  of  the  systems.  Figure 
A-I-3  shows  the  basic  redundancy  concept  to  Increase  tine  on 
station.  Equipment  failures  do  not  res>ilt  in  system  failures. 
Backup  equipment  automatically  takes  over  through  internal  test 
algorithms,  programed  to  detect  imainent  failures.  Switchover 
to  the  parallel  redundant  equipment  takes  place  with  the  "about - 
to-fail"  hardware  placed  off-line. 


a Equipment  failures  do  not  cause  subsystem  failures. 

• Low  MTBF  component  modules  are  configured  in  parallel  redundancy 
and  voted. 

• System  still  functions  if  modules  fail. 

• Failed  modules  are  put  off-line  and  replaced  or  repaired  the 
crew. 

• Repaired  modules  are  easily  returned  to  the  system. 

Figure  A-I-Z  Increased  Time  on  Station  through  Redundancy 


Standby  redundant  display  and  Bain  computers  are 
(Appendix  I-D  evaluates  computer  configurations  and  provides  the 
rationale  for  this  selection.)  It  is  suggested  that  three  ident- 
ical computers  each  be  used  for  ship  control  and  display  management. 
IVo  of  the  three  are  active  at  any  given  tine  vhlle  the  third  is  a 
“cold  standby"  (unpowered)  condition.  In  order  to  assure  the 
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fail-operate  requirement  for  key  functions,  one  machine  is  program- 
med to  check  the  other.  If  the  check  fails,  the  standby  machine  is 
turned  on  to  take  over  the  functions  of  the  #1  processor.  Similarly 
check  parameters  are  sent  to  locally  distributed  microprocessors 
from  the  main  computers  and  memory  so  that  control  over  standby 
cir cults  in  the  microprocessors  is  maintained. 

Redundant  dato  buses  provide  the  communication  links  to  the  locally 
distributed  microprocessors.  These  microprocessors,  in  response  to 
communis  from  the  main  control  computer,  gather  data  or  activate 
controls.  Results  are  telemetered  to  the  main  control  computer. 

Martin  Marietta  is  developing  extremely  reliable  microprocessor 
oriented  units  suitable  for  use  as  the  Device  Controllers.  These 
device  controllers  receive  data  over  three  redundant  data  buses 
and  majority  vote  the  signals  to  assure  proper  command  interpreta- 
tion. At  least  two  out  of  the  three  signals  on  the  buses  must  be 
the  same  for  a command  to  be  implemented.  Control  over  device 
controller  redundancy  circuits  Is  accomplished  by  routine  limit 
checks  carried  on  by  its  controlling  microprocessors. 

A failed  computer,  microprocessor,  data  bus,  or  device  controller 
is  automatically  determined,  and  placed  off-line.  The  failure  is 
annunciated  on  a CRT.  A subsystem  will  continue  to  operate  in  a 
normal  manner  with  only  two  of  the  triply  redundant  units  in  opera- 
tion. Under  emergency  conditions,  a system  can  be  forced  to  operate 
with  only  a single  computer,  microprocessor,  data  bus  or  device 
controller  operable  for  an  element. 

Figure  A-I-4  shows  the  basic  control  system. 


SYSTEM  COMPONENTS 

Component  items  of  the  New  Gener  ition  Submarine's  Ship  Mission 
Control  System  include: 

Hardware 

• Parallel  redundant  subsystem  modules 

• Computerized  fault  isolation 

• Computerized  module  switching 

• Redundant  data  buses 
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• Sensors  throughout  the  ship 

• Control  and  display  consoles 
Software 

• Servo  control  of  most  ship  systems 

• Mission  control  for  ordered  segments 

• Combat  analysis 

• Combat  control  (option) 

• Display  driver  and  formatting 

• Diagnosis  and  alerts 

• Running  status  of  all  boat  hardware,  trend  and  failure  analysis 

• Sonar  control  and  data  diagnosis 
« Intraboat  communication 

• Automatic  message  processing 

• Redundancy  management,  self-check,  and  cross-check  logic 
Man/Machine  Interactions 

• Central  control  console 

• Engineering  plant  console 

• Evaluations  initiated  individually  or  in  sets 

• CRTs  display 

• CRTs  display  status  of  all  subsystems 

• Caution  and  warning  alert  annunciation 

• Automatic  priority  interrupt  for  C&W 

• Control  via  keyboard,  hand  cont  oilers,  switches 

• Dedicated  readouts  where  desired 
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• Video  monitoring  on  demand 

• Printer 
Crew  Functions 


• Decisions 

• Console  operators 

• Respond  to  alerts  from  computers 

«*  Hand  operation  of  specific  systems 

• Override  computerized  functions 

• Replacement  of  modules  put  off-line  by  computers 

• Preventive  maintenance 

• Inspection  when  indicated 

• Damage  and  casualty  operation 
Display  and  Control  Consoles 

The  command  and  control  functions  are  performed  at  display  consoles 
utilized  as  the  Central  Control  Consoles,  Engineering  Plant  Consoles, 
Sonar  Console,  etc.  These  items,  while  new  to  the  New  Generation 
Submarine,  are  readily  configured  from  the  Navy's  OJ-326  (V)5/UYK 
Standard  Information  Displays  (SID).  The  SID  is  a modular,  multi- 
function digital  display  utilizing  plug-in  components  and  program- 
mable assemblies  which  can  be  combined  in  a variety  of  ways  to  meet 
current  as  well  as  future  operational  requirements.  The  SID  Display 
Console  OJ-326  provides  a 13  x 1C  inch  useful  area  on  a high  quality, 
high,  high  brightness  CRT.  The  upper  IP-1181  display  utilizes  a 
similar  10  x 10  inch  CRT.  The  SID  console  is  capable  of  displaying 
a wide  variety  of  text,  graphic,  tactical,  and  surveillance  data 
for  monitor  and  control  applications.  (The  SID  system  is  based  on 
the  technology  introduced  with  the  MK  81  Mod  0 Weapon  Control 
Console,  already  in  production  and  environmentally  qualified  for 
submarine  applications.) 

Computers 

The  computer  controlled  New  Generation  Submarine  as  proposed  will 
use  standard  Navy  computers  such  as  the  AN/UYK-20(V)  as  the  Display 
Data  Processor  and  the  Main  Chip  Control  Computer. 
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The  AN/UYK-20(V)  is  a general  purpose,  militarized,  high  speed  mini- 
computer with  great  computing  power  in  a small,  ruggedized  package. 

It  is  designed  to  meet  the  requirements  of  submarine  Installation 
and  operation. 

Data  Management 

The  physical  configuration  of  a submarine  suggests  the  use  of  a 
distributed  computer  system  in  the  implementation  of  data  management. 

Main  computers  are  located  in  the  Control  Center  and  at  the  Engine- 
ering Plant.  Satellite  command  and  control  microprocessors  are 
strategically  located  throughout  the  ship  near  the  devices  they 
control. 

In  the  past  a "central  hub"  approach  to  data  management  has  been 
used.  Its  mechanization,  as  its  name  suggests,  is  to  bring  signals 
t rom  a central  station  to  control  stations  located  throughout  the 
lip.  It3  most  significant  feature  was,  literally,  miles  of  wire 
and  a large  number  of  individual  interface  boxes  for  each  function 
at  each  control  station. 

In  our  conceptual  design  of  the  new  generation  submarine,  we  are 
recommending  a serial  data  bus  approach  to  a distributed  command 
and  control  system.  From  the  control  centers  computer (s),  high 
speed  data  buses  are  used  in  a party-line  manner  to  request  and 
transfer  information  to  local  microprocessors  (MPs) . All  MPs 
monitor  the  data  bus  (or  redundant  buses)  and  determine  whether 
or  not  a message  is  for  him.  If  it  is,  it  performs  the  requested 
action  and  responds  via  the  data  bus  to  the  central  computer. 

High  speed  data  transfers,  at  one  million  bits  per  second,  enable 
each  device  to  think  that  it  has  the  full  attention  of  the  computers. 

Advantages  of  this  data  management  technique  are: 

• Significant  savings  in  design,  integration,  and  testing; 

• Ease  of  refurbishment,  rework,  and  addition  of  future  improve- 
ments ; 

• Reduction  in  total  numbers  of  wires; 

• Reliability  readily  improved  through  use  of  redundancy; 

• Standard  interface  hardware  used; 
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• Functional  flexibility  through  simple  software  changes. 

It  is  suggested  that  the  data  formats  as  defined  in  MIL-STD-1553A 
be  used  in  the  transfer  of  data  between  the  central  computers  and 
the  local  microprocessors. 

D.  COMPUTER  CONFIGURATIONS 
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1.  Introduction 

This  report  lists  several  computer  configurations  studied  to  provide 
automation  and  control  on  a New  Generation  Strategic  Submarine. 

The  fundamental  design  requirement  of  the  computer  system  is  to 
provide  information  and  control  of  the  submarine  to  the  system 
operator.  All  submarine  functions  are  to  be  performed  by  the  crew 
with  varying  levels  of  computer  assistance.  The  use  of  a computer 
system  provides  centralized  control  of  actions  to  be  completed 
throughout  the  submarine. 

The  most  important  computer  system  interface  is  between  the  computer 
and  system  operator.  Several  distributed  computer  system  design 
concepts  have  been  configured  to  allow  the  Ship  Control  Computer 
the  maximum  opportunity  to  support  the  system  operator.  Distributed 
microprocessors  perform  functions  as  commanded  by  the  Ship  Control 
Computer.  The  distributed  microprocessors  execute  checklists, 
check  equipment  status,  make  decisions,  actuate  control  devices,  and 
collect  data,  which  is  filtered  to  remove  unwanted,  unnecessary,  or 
routine  information  before  being  transmitted  to  the  Ship  Control 
Computer.  This  reduces  the  functional  control  activity  of  the  Ship 
Control  Computer,  allowing  maximum  time  to  be  devoted  to  the  system 
operator  interface. 

Figure  A-I-5  shows  the  basic  computer  system  configuration.  Figure 
A“I-d  shows  an  alternative  configuration. 

All  of  the  conceptual  distributed  comput  cr  cyst  wins  are  designed 
for  at  least  fail-operate/fail-safe  operation.  ' Mechanization  of 
the  main  computer — the  Ship  Control  Computer — is  either  triple 
redundant,  dual  redundant,  or  standby  redundant  to  assure  high 
system  reliability.  The  system  operator  is  informed  of  all  mal- 
functions and  system  switchouts  so  that  repairs  can  be  made  by  the 
maintenance  personnel  to  restore  redundancy.  The  Ship  Control 
Computer  orchestrates  the  performance  of  each  microprocessor. 


Figure  A-I-S  Basic  Concept  Automated  Submarine  Contro 


transmitting  commands  and  collecting  data  for  display  to  the  system 
operator.  Each  state-of-the-art,  solid-state  microprocessor  is 
either  dual  or  triply  redundant,  nrovidtn®  hivh  reliability  at  low 
cost.  Failure  of  a microprocessor  is  diagnosed  and  the  failed 
microprocessor  is  automatically  bypassed,  allowing  normal  system 
operations  to  continue  without  interruption. 


Besides  physically  controlling  the  submarine,  the  computer  system 
will  assist  the  system  operator  by  presenting  "off-line"  information 
such  as  displays  of  strategic  or  tactical  data,  equipment  failure 
trend  data,  damage  control  status,  training  information,  medical 
diagnostics,  or  other  displays,  many  with  computer  predictions  or 
recommended  courses  of  action,  all  designed  to  enhance  the  ability 
of  the  system  operator  to  control  the  submarine. 


Shin  Control  Comnuter  Conf ieurations 


The  Ship  Control  Computer  will  control  submerging,  surfacing,  buoy- 
ancy, steering,  speed,  and  the  engineering  plant.  It  will  also 
receive  applicable  data  from  the  Ship's  Inertial  Navigation  System 
(SINS),  Weapons  Systems,  the  Naval  Tactical  Data  System  (NTDS) , 
Communications  System,  and  from  the  Sonar  System.  Data  will  be 
displayed  and  Ship  Operating  Commands  will  be  received  on  the 
Operations  Console. 


a.  Configuration  1 - This  configuration  for  the  Ship  Control 
Computer  uses  three  separate  active  computers  each  with  its  own 
memory.  Synchronization  of  the  three  computers  is  external  to  the 
computers  using  special  purpose  logic.  The  synchronization  logic 
assures  that  each  computer  is  performing  the  same  programmed  function 
The  synchronization  logic  assures  that  output  instructions  are  re- 
leased simultaneously  to  the  output  command  buses  and  the  micro- 
processors. Figure  A-I-7  shows  the  synchronizing  circuitry  in  block 
diagram  form. 


The  three  computers  run  from  identical  software  programs.  Program- 
ming is  "somewhat"  complicated  as  the  necessary  "wait"  steps  for 
synchronization  must  be  included  in  the  programming. 


Failure  of  any  one  of  the  computers  will  not  effect  operation  and 
the  system  will  continue  to  run  without  a "glitch".  The  system 
can  continue  to  operate,  with  operator  guidance,  on  only  one  com- 
puter. 


b.  Configuration  2 - This  configuration  provides  dual 
redundant  computers.  Operation  is  similar  to  configuration  1 
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Figure  A- 1-7  Ship  Control  Computer  Output  Control  Circuitry 
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(after  the  first  computer  has  failed) . A third  identical  computer 
is  provided  in  a "cold  standby"  (unpowered)  condition  as  a spare. 

Synchronization  logic  provides  an  output  if  both  on-line  computers 
issue  the  same  command.  Should  the  computers  not  issue  the  same 
commandi  the  computers  are  forced  into  a self-check  mode  and  the 
"correct"  computer  is  allowed  to  issue  commands  under  operator 
guidance.  Two  data  buses,  one  per  computer,  are  provided  to  control 
the  microprocessors.  This  configuration  sacrifices  some  reliability 
at  the  cost  savings  of  one  compute  and  several  microprocessors. 

c.  Configuration  3 - This  configuration  also  uses  two  computers, 
but  with  only  one  of  the  computers  in  control.  If  the  active  com- 
puter in  control  should  fail  a self-check  that  is  periodically 
performed,  the  second  computer  automatically  takes  over  control. 
External  synchronization  logic  assures  that  the  second  computer 
keeps  up  with  the  first  such  that  it  can  take  control  if  the  first 
computer  fails. 

d.  Configuration  4 - This  configuration  is  similar  to  2 or  3 
with  the  exception  that  both  on-line  computers  share  the  same  dual 
ported  memory.  Memory  reliability  is  such  that  these  configura- 
tions are  worthy  of  consideration.  Synchronizing  logic  is  minimized. 
Operation  is  similar  to  either  configurations  2 or  3.  Maintenance 
on  a disabled  computer  is  a problem  and,  thus,  this  configuration 

is  not  recommended. 

e.  Configuration  5 - This  configuration  uses  a single  "fault- 
tolerant"  computer.  Such  a computer  is  presently  being  developed 
for  the  military.  This  type  computer  ip  in  reality  redundant 
computers  with  fault  detecting  and  error  correcting  logic  packaged 
in  a single  enclosure. 

3.  Control  Bus  to  the  Microprocessor 

The  physical  configuration  of  a submarine  suggests  use  of  a dis- 
tributed computer  system  to  provide  the  ship's  data  management 
system.  The  suggested  distributed  data  system  consists  of  AN/UYK- 
20  type  minicomputers  at  the  Central  Control  Console  and  the  Engin- 
eering Plant  Console  with  locally  located  microprocessors  placed 
at  appropriate  action  centers. 

Redundant  control  buses  provide  the  intercommunications  between  the 
main  computers  and  the  satellite  microprocessors.  Commands  over 
these  buses  will  cause  the  microprocessors  to  issue  specific  commands 
or  fetch  data  or  status  information. 
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4.  Microprocessors 

Microprocessors  (MPs)  will  control  and  monitor  specific  device 
controllers.  The  Ps  will  execute  commands  and  gather  data  on 
command  from  the  main  computers.  Depending  on  the  selected  con- 
figuration of  the  main  computers,  the  n?a  will  be  either  triply 
or  dual  redundant. 

The  redundant  mPs  will  verify  all  commands  from  the  Ship  Control 
Computers  prior  to  executing  them.  An  about-to-fail  or  malfunc- 
tioning mP  is  automatically  removed  from  its  on-line  position  with- 
out effecting  system  operation. 

Figure  A-I-8  shows  the  operation  of  redundant  microprocessors. 

5.  Data  Bus 

Input  and  output  signals  between  the  microprocessors  and  the  control 
devices  are  transmitted  in  serial  code.  Standard  large-scale 
integrated  (LSI)  circuit  modules  are  readily  available  to  process 
this  data,  A suggested  data  transmission  method  over  the  serial 
data  bus  is  shown  in  Figure  A-I-9. 

6.  Control  Devices 

The  use  of  existing  submarine  control  devices  and  actuators  is 
proposed.  A majority  vote  control  circuit  will  be  placed  adjacent 
to  each  control  device.  This  circuit  will  monitor  the  control  bus. 
Upon  detection  of  a valid  control  signal  on  at  least  two  out  of 
the  three  control  buses  for  that  device,  it  will  initiate  the 
requested  action. 

The  control  circuit  will  utilize  high  reliability  semiconductor 
circuits.  The  control  circuit  module  will  be  identical  for  all 
devices  to  minimize  spacing  and  eas  maintenance.  Figure  A-I-10 
shows  a suggested  block  diagram  of  this  control  circuit. 

All  the  computer  sys  ".am  configurations  studied  provide  for  fail- 
operate/fail-safe  operation.  Further  study  is  suggested  to 
determine  which  computer  subsystem  best  fulfills  the  new  generation 
submarine • 
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MISSION  CONTROL 


CONCEPT 


The  basic  Ship's  Mission  Control  concept  presented  in  this  appendix 
involves  a central  executive  software  structure  under  the  direct 
management  of  the  officer  in  control  of  the  submarine.  This  execu- 
tive structure  is  driven  by  a stored  mission  profile  in  the  form  of 
tables  of  time-ordered  command  (e.g.,  position,  attitude,  velocity, 
events)  leading  ultii*  ely  to  ship  control  activities  such  as  maneu- 
vering, steering.  Jiving,  and  surfacing.  The  officer  can  treat  this 
as  a means  of  implementing  mission  plans  on  either  a near-real  time 
or  long-term  basis  (i.e.,  minutes  vs  days),  or  it  can  be  overridden 
in  response  to  changes  in  plans  or  emergency  situations.  The  under- 
lying assumption  is  that  the  officer  of  the  deck  might  choose  to 
conduct  certain  phases  of  ship  control  in  the  same  way  an  airline 
pilot  does  when  he  chooses  "automatic  pilot". 

The  executive  structure  logically  governs  access  to  subordinate 
software  modules,  where  sequences  of  control  commands  (e.g.,  control 
plane  deflections,  sea  water  pumping  rates,  etc.)  are  generated  in 
such  a manner  as  to  satisfy  the  mission  profile.  This  is  accomplished 
by  setting  up  and  maintaining  logic  flags,  relying  heavily  on  infor- 
mation returned  from  the  subordinate  modules  as  to  the  status  of 
various  ship  control  sequences  under  way.  By  manual  input  of  these 
flags,  the  officer  in  charge  can  override  programmed  activities  and 
gain  ship  control  to  whatever  degree  required. 


SOFTWARE  ORGANIZATION  AND  FLOW 


The  executive  logic  of  Figure  A-Ii-1  is  cycled  through  at  a fundamental 
frequency  great  enough  for  all  control  activities  (possibly  every 
.5  sec),  wich  the  time  reference  being  GMT  or  some  other  suitable 
choice.  Briefly,  the  activities  during  each  pass  are  as  follows. 

The  mission  profile,  residing  in  computer  memory  in  the  form  of 
tables  of  navigation,  and  ship  control  commands,  is  first  accessed, 
and  required  updates  made  accordingly.  These  reflect  any  change.3 
manually  entered  subsequent  to  the  previous  pass. 
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Figure  A-II-1  Executive  Structure 
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SOFTWARE  DESCRIPTION 


The  executive  logic  will  first  be  discussed  in  some  detail,  followed 
by  descriptions  of  the  individual  modules.  Emphasis  will  be  on  basic 
concepts,  rather  than  on  implementing  detail. 

Execut ive  Structure 


Reference  should  be  made  to  Figure  A-II-1  when  reading  the  following 
description. 

a.  Initialization  - At  initial  time  t , which  can  be  when 
leaving  port  or  at  any  other  convenient  time  or  times  during  the 
mission,  various  flags  and  parameters  are  preset.  Those  pertinent 

to  the  present  discussion  are  identified  in  Table  A-II-1;  others  would 
be  added  as  the  software  evolves. 

b.  Mission  Profile  - This  consists  of  tabular  data  residing 
in  the  computer  memory  as  arrays  of  time  and  index  sequenced  navi- 
gation and  ship  control  commands.  They  will  be  described  in  the 
appropriate  discussions  of  individual  software  modules.  In  the 
initialization  pass,  data  for  these  arrays  are  read  in  from  a Mission 
Profile  tape.  During  each  computing  cycle  these  tables  are  accessed 
to  provide  values  for  the  variables,  parameters,  and  control  flags 
actually  utilized  by  the  various  modules.  At  any  time  the  officer 

in  charge  can  designate  additions  or  changes  to  the  Mission  Profile 
tables.  These  are  incorporated  into  the  tables  at  the  start  of  the 
first  computation  cycle  following  his  setting  of  the  flag  MODPROF, 

c.  Navigation  Module  Access  - The  Navigation  Module  is  accessed 
at  a low  frequency  whenever  the  officer  in  charge  exercises  this 
option  by  setting  NAVFLG  to  TRUE.  There  the  current  values  of  the 
arrays  0C,  6C,  TGUID,  P-.,  P2,  ....  are  processed  to  compute  anu 
return  values  of  Vo  and  Xc  which  override  the  values  read  from  the 
Vrc  and  Xc  arrays  ir.  the  previous  step.  NAVFLG  can  be  manually 
reset  to  False  at  any  time,  in  which  case  the  0C,  0C,  TGUID,  P-^,  P2» 
....  arrays  are  used  no  where  by  the  software. 

d.  Programmed  Surfacing  and  Submerging  Logic  - These  activities, 
when  and  if  desired  as  preprogrammed  maneuvers  conducted  in  accord- 
ance with  all  prevailing  constraints,  are  scheduled  through  the  time 
arrays  TSRF(L)  and  TSUB(M).  In  any  cycle  when  time  has  reached  the 
next  scheduled  surfacing  time  TSRF(L)  flags  are  set  to  initiate  the 
surfacing  sequence  in  either  the  normal  or  airless  modes,  in  accord- 
ance with  the  mode  flag  MFLG.  Similarly,  when  time  has  reached  the 
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Table  A-II-1  Arrays,  Logic  Flags  and  larameters.  Eta. 


SYMBOL 

DESCRIPTION 

PRESET  VALUE 

MODPROF 

Flag  manually  set  for  reading  in 
modifications  to  Mission  Profile 
Tables. 

F 

NAVFLG 

Flag  manually  set  for  assessing 
module  NAV. 

F 

vc(t) 

Velocity  command  array. 

Xc(t) 

Azimuth  command  array. 

Dc(t) 

Depth  command  array. 

0C(K) 

Latitude  command  array. 

ec(K) 

Longitude  command  array. 

TGUID(K) 

Time  command  array. 

Pi(K),  K - 1,  2,  .... 

Guidance  Parameters 

K 

Index  for  0C>  0C,  TGUID,  Pi 

1 

TSRF(L) 

Time  to  surface  array 

ASFLG(L) 

Airless  surface  flag  array 

L 

Index  for  TSRF  and  ASFLG  arrays 

1 

TSIJB(M) 

Time  to  submerge  array 

M 

Index  for  TSUB  array 

1 

9,  0 

Evler  Angles  defining  ship  atti- 
tude 

vw 

Measured  water-relative  velocity 

V 

Commanded  water-relative  velocity 

VR 

Planet-relative  velocity 

DP  , Dp 

ru  rL 

Upper  and  lower  values  defining 
periscope  depth  range. 
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naxt  scheduled  submerge  time,  TSUB(M),  a flag  is  set  to  Initiate  the 
normal  submerging  sequence.  Either  schedule  can  be  simply  suppressed 
or  reactivated  by  manual  input.  The  officer  in  charge  can  initiate 
an  unscheduled  surface  or  submerge  sequence  by  manually  setting  the 
flags  SURFLG  and  MFLG  or  SUBFLG,  respectively.  Or,  as  will  be  discus- 
sed later,  the  maneuvers  can  be  directly  accomplished  by  manual  over- 
ride of  appropriate  controls. 

Sof tware-jequenced  maneuvers  are  based  on  three  regimes — surfaced, 
for  which  CRSFLG  is  set  TRUE;  submerged,  within  periscope  depth 
range,  for  which  CRPFLG  is  TRUE;  and  submerged,  below  periscope 
depth  range,  for  which  CRUFLG  is  TRUE. 

This  permits  the  use  of  regime-dependent  sub-sequences  and  control  laws 
for  both  surfacing  and  submerging.  In  practice,  however,  the  second 
regime  may  exist  during  a maneuver  only  momentarily  as  the  ship  passes 
through  the  periscope  depth  range. 

e.  Control  Module  Accesses  - Plane  and  Ve^city  Control  and 
Depth  Control  Tank  Control  are  high  frequency  modules,  with  Variable 
Ballast  Tank  Control  and  Canter  of  Gravity  Control  being  low  fre- 
quency. -These  control  modules  are  always  accessed,  at  their  desig- 
nated frequencies,  with  provision  for  manual  override  of  any  or  all 
of  their  output  commands. 

Navigation  Module  NAV 

This  module  is  entered  by  manual  designation  of  NAVFLG  as  either  1, 

2,  or  3.  A test  of  t against  TGUID  (K  + 1)  as  read  from  the  Mission 
Profile  table  is  made  in  order  that  the  index  K always  be  properly 
adjusted  to  provide  destination  latitude  0C(K)  and  longitude  9C(K) 
corresponding  to  a future  time  TGUID(K).  The  currsnt  estiamtas  of 
latitude  0 and  longitude  9 are  read  in  from  the  SINS.  Three  navi- 
gation options  are  provided  for,  depending  on  the  NAVFLG  setting. 

Option  1 is  a simple  scheme  that  provides  an  azimuth  command  Xc 
for  a great  circle  route  between  present  position  and  destination, 
with  no  time  of  arrival  specified.  (In  this  case  the  preprogrammed 
velocity  command  or  manual  override  prevails.)  Option  2 computes, 
in  addition,  a planet-relative  velocity  command  on  the  basis  of 
time  remaining  to  reach  the  destination.  Option  3 is  left  open  to 
provide  for  some  other  need  not  yet  identified.  Commands  thus 
computed  are  available  to  the  control  modules  for  generation  of 
actual  steering  and  velocity  commands.  See  Figure  A-II-2. 

Periodically  the  navigation  process  is  Interrupted  by  the  PVCON 
module  in  order  to  command  a random  baffle  clearing  maneuver. 

This  will  be  discussed  in  paragraph  6. 
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Submerging  Module  SUB 

This  module  controls  the  sequence  of  activities  required  to  submerge. 
This  is  expected  to  be  completely  in  accordance  with  present  practice , 
obeying  all  constraints,  and  conducted  in  the  manner  of  a missile 
launch  countdown. 

Module  UDP 


Here  the  sequence  is  Implemented  for  rising  from  any  undersea  depth  to 
periscope  depth  range.  Based  on  the  value  of  MFLG  (as  obtained  from 
the  Mission  Profile  Table,  or  manually  input),  sequences  provide  for 
either  1 normal,  2 airless,  or  3 emergency  surfacing.  The  module 
is  entered  at  each  computation  cycle  and  commands  % generated  such 
that  the  ship  will  experience  an  appropriate  horizontal  velocity 
history  as  it  rises  to  the  surface.  The  commands  are  based  on 
measured  depth,  with  a set  of  curves  such  as  that  shown  below  pre- 
sented for  each  surfacing  mode.  These  are  stored  as  tables  of  vel- 
ocity vs  depth.  The  Intent  is  to  automatically  generate  commands 
during  surfacing  that  are  satisfactory  for  several  standard  situa- 
tions. For  others,  they  can  be  manually  overriden  when  the  PVCON 
Module  is  subsequently  accessed.  See  Figure  A-II-3  for  details. 
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The  logic  in  VDP  is  such  that  if  the  measured  ship  velocity  lies 
between  the-V^-  and  V curves,  no  command  is  generated.  If  it  is 
less  than  V1  or  greater  than  V*  VW„  is  set  to  either  V1  or  V, 
respectively.  c 


Return 


Figure  A-II-3  Surfacing  Module  UDP 
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The  Navigation  Module  (NAV)  ia  then  accessed,  if  called  for  by  manual 
input  of  the  Flag  NAVFLG.  Here,  on  the  basis  of  latitude,  longi- 
tude, and  time,  guidance  and  maneuvering  equations  generate  azimuth 
and  velocity  values  which  will  ultimately  result  in  steering  and 
velocity  commands . 

N„.:t,  current  time  is  tested  against  programmed  surfacing  and  sub- 
merging times  and  flags  set  such  that  an  appropriate  schedule  is 
subsequently  initiated  if  called  for.  These  sequences  are  based  on 
three  operating  regimes: 

Submarine  surfaced; 

Submarine  within  periscope  depth  range;  and 
Submarine  below  periscope  depth  range. 

The  rationale  for  this  will  become  clear  as  detailed  explanations 
are  given. 

The  Plane  and  Velocity  Control  Module  (PVCON)  is  then  accessed. 

Here,  on  the  basis  of  azimuth  and  velocity  commands  (from  the  Mission 
Profile  Tables  or  the  Navigation  Module),  navigation  data  from  the 
SINS,  and  inferred  water-relative  velocity,  control  plane  and  propul- 
sion commands  are  generated. 

In  the  Variable  Ballast  Tank  Control  Module  (VBTC),  which  is  entered 
at  a low  frequency,  overall  flow  into  or  out  of  the  VBTs  is  commanded 
in  response  to  measured  depth,  temperature,  salinity,  commanded  buoy- 
ancy, and  to  changes  in  ship  weight  due  to  various  random  and  scheduled 
activities. 

The  Center  of  Gravity  Control  Module  (CGC)  generates  commands  for 
shifting  water  between  the  VBTs  in  response  to  pitch  and  roll  atti- 
tude information  from  the  SINS,  and  to  steady-state  deflection  of  the 
stern  and  fairwater  planes  under  forward  motion.  This  too  Is  a low 
frequency  module. 

Finally,  the  Depth  Control  Tank  Control  Module  (DCTC)  working  at  the 
highest  frequency  generates  commands  for  pumping  operations  associ- 
ated with  the  depth  control  tanks.  This  is  in  response  to  commanded 
and  measured  depth,  velocity,  and  pitch  attitude  measurements,  and  to 
steady-state  deflection  of  the  fairwater  planes  under  forward  motion. 

The  ship  responds  statically  and  dynamically  to  the  output  commands 
of  the  PVCON,  VBTC,  BALC,  and  DCTC  modules  in  a complex  and  inter- 
related manner.  As  a result,  strong  coupling  exists  between  those 
modules,  affecting  choice  of  error  signals  and  control  laws  used 
therein. 
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Module  DPSUR 


Here  control  commands  are  generated  for  surfacing  from  periscope 
depth.  The  module  is  not  accessed  until  activities  of  the  UDP 
module  have  been  completed.  The  sequence  commanded  is  expected  to 
conform  with  present  surfacing  practice,  and  to  be  conducted  in  the 
manner  of  a missile  launch  countdown. 

Module  PVCON 


In  this  module  commands  are  generated  for  rudder,  fairwater  and  stem 
plane  deflections,  and  for  water-relative  velocity.  These  are  6R, 
if  , i„  and  Vy,,  respectively.  In  addition,  commanded  depth  Dc  is 
set.  Any  or  all  of  these  may  be  overridden  by  manual  control  devices. 

In  the  discussion  which  follows,  reference  should  be  made  to  Figure  A-II-4. 

Upon  entry,  a commanded  depth  D is  selected.  If  the  ship  is  operat- 
ing in  the  Under-Periscope  Deptft  regime,  this  is  the  value  read  from 
the  Mission  Profile  tables,  unless  overridden  by  manual  control. 

Otherwise  It  Is  set  at  either  of  the  fixed  values  Ds  or  Dp^,  denoting 
surface  or  periscope  depth. 

If  NAVFLG  has  been  set  0,  bypassing  the  Navigation  Module,  the  velocity 
and  azimuth  commands  Vc  and  Ac  from  the  Mission  Profile  tables  (or 
as  overridden  manually  or  by  UDP  or  DPSUR)  are  treated  as  heading  and 
water-relative  velocity  for  steering  purposes.  Otherwise  they  are 
regarded  as  planet-relative  velocity  magnitude  and  azimuth  commands, 
and  water-relative  commands  Vy£  and  computed  therefrom.  This  is 
a simple  procedure  involving  estimation  of  the  ambient  ocean  current 
velocity  from  SINS  measurements  and  ship  operating  characteristics. 

The  SINS-measured  heading  ^ is  then  compared  with  the  command  ^ , 
providing  an  error  on  which  the  rudder  plane  command  6^  is 
based.  In  Figure  A-II-4  a simple  linear  control  law  utilizing  displace- 
ment and  rate  gains  Kp  and  Kg  is  shown,  with  provision  for  manual 
override  of  commanded  rudder  deflection  and/or  water-relative  velocity. 

The  stern  planes  are  used  to  directly  control  pitch  attitude  9,  as 
measured  by  SINS.  Because  the  sensitivity  of  rate  of  change  of  depth 
to  pitch  attitude  varies  with  both  velocity  and  buoyancy,  the  control 
law  must  be  a function  of  those  variables.  A nominal  value  of  6 is 
first  computed  e ■ a function  of  depth  and  velocity  by  means  of  a 
bivariate  table  stored  in  the  computer.  A deviation  from  nominal  is 
then  computed  as  a function  of  depth  error,  velocity,  depth,  and 
buoyancy,  and  added  to  the  nomainal  value  to  yield  a commanded  atti- 
tude 6C.  This  command  can  be  manually  overridden  at  any  time.  The 

stern  plane  control  law  then  utilizes  the  error  * n * 0 - 9 to 

9 c 


Figure  A-II-4  PVCON  Module 
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generate  a deflection  command  5g  for  the  stern  planes.  Figure  A-II-4 
also  Includes  a damping  term  Involving  d and  a dependence  on  vel- 
ocity to  allow  for  the  manner  in  which  control  characteristics  change 
with  that  variable. 

The  falrwater  planes  are  used  to  provide  depth  control  in  a manner 
dependent  on  velocity.  The  control  law  shown  in  Figure  A-II-4  also 
provides  for  variation  in  operating  regimes  and  coordination  with 
stern  plane  commands.  Manual  override  of  the  commanded  falrwater 
plane  deflection  is  provided  for,  with  optional  coupling  to  the 
stern  plane  control  device  being  allowed  for. 

7.  Module  VBTC 


This  module  controls  flow  into  and  out  of  the  Variable  Ballast  Tanks. 
It  is  accessed  at  a low  frequency  rate  and,  by  utilizing  a limit 
cycle,  can  be  inactive  most  of  the  time.  A nominal  buoyancy  B is 
prescribed  as  a function  of  depth  and  velocity.  This  may  appear 
qualitatively  as  a family  of  curves  as  shown  below,  and  is  input 

as  a bivariate  table. 


The  commanded  weight  of  variable 
bal'u't  is  obtained  from  the  equa- 
tion defining  buoyancy: 

B = weight  of  water  displaced  - weight 
of  ship 

This  leads  to  the  desired  expression 


W, 


VB 
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where  Wq  is  the  fixed  dry  weight  of  Bhe  ship,  Wy  is  the  variable 
weight  excluding  ballast  (i.e.,  crew,  cargo,  etc),  VQ  is  the  volume 
of  the  ship  at  some  reference  depth,  P is  the  density  of  seawater 
at  the  surface,  and  f. , *3  s,"e  density  correction  factors  for 

salinity,  depth,  and  temperature.  The  latter  appear  qualitatively 
as  follows,  and  are  input  as  tables. 


fj(S) 

f2(P)  ___ 

/3<t> 

Std  Salinity  Depth  Temperature 
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As  terms  of  the  equation  vary  due  to  changes  in  operating  regime, 
events  such  as  waste  disposal  (hut  not  activities  of  the  DCTs),  a 
command  Wvbc  is  computed  and  compared  with  the  value  being  carried 
in  a VBT  bookkeeping  subroutine.  This  gives  an  error  signal  which, 
if  outside  a designated  range,  actuates  flow  into  or  out  of  the  VBTs 
until  that  error  has  been  reduced  to  within  some  inner  range.  Selec- 
tion of  tanks  for  filling  and  draining,  as  well  as  maintenance  of 
inventory  of  their  contents,  is  handled  by  the  aforementioned  book- 
keeping subroutine. 

Course  control  of  the  ship's  buoyancy  is  thus  provided  for  under- 
sea cruising.  Time  control  is  implemented  by  the  DCTC  module.  This 
approach  is  expected  to  cope  with  the  inaccurac ies  associated  with 
keeping  reasonably  accurate  Wgy  and  Wy  inventories  during  a lengthy 
cruise,  by  regularly  correcting  for  drift  in  the  totals  away  from 
their  true  values. 

Module  DCTC 


The  Depth  Control  Tank  Control  Module  commands  flow  into  and  out  of 
the  DCTs  in  accordance  with  error  signals  based  on  depth  errors  and 
steady-state  control  plane  deflections. 

At  very  low  velocities  buoyancy  is  responsible  primarily  for  any 
vertical  force  affecting  depth.  At  higher  velocities,  under  steady 
state  conditions,  the  vertical  force  due  to  the  combined  effects  of 
pitch  and  deflections  of  stern  and  fairwater  planes  predominates. 
Thus,  a possible  error  signal  for  controlling  flow  to  the  DCTs  is 

*DC  " (kl  8ln  0 + k2  4S  + k3  5FP)VW  " 

where  the  k-^  are  constants  characteristic  of  the  ship.  The  control 
law  would  also  require  damping  terms  and  a means  to  switch  gains 
for  hovering. 

Flow  to  and  from  the  VBTs  by  way  of  the  DCTs  is  mathematically  segre- 
gated from  that  commanded  by  the  DCTC  Module. 

Module  CGC 


This  module  commands  flow  between  the  Variable  Ballast  Tanks  in 
order  to  control  the  position  of  the  center  of  gravity.  It  does  this 
in  response  to  attitude  measurements  from  the  SINS,  allowing  for 
steady-state  deflections  of  stern  and  fairwater  planes  in  response 
to  forward  motion.  Pitching  moments  due  to  sail,  stern  planes,  and 
fairwater  planes  are  proportional  to  Vw,  $svw»  and  d^VW,  respectively. 


A-II-14 


1 n^lh'ii  ■■vZti.iUM 


uil.  lki-iV-  I v ULTt  U-Ll . II 


x.  A 


Under  cieady-state  conditions,  then,  the  sum  of  these  moments 
constitutes  an  error  signal  which  can  be  the  basis  of  flow  com- 
mands between  the  VBTs.  As  balance  is  restored,  the  DCTC  and  PVCON 
modules  are  relied  on  to  steadily  bring  pitch  attitude  and  control 
plana  deflections  to  their  proper  values. 


i' 


V 


A-II-15 


i . ■A&tj1  H?  .nj ; kLi-\Lt  / ii 


H 'i* 


*.-’rTT'T'pT'WJ  J-T^V  W'  Tf  -T-  j*  '-*-  '*■  / w w"1  5.^  j 1 1 w ' i»«  jv'ff; 


rWTTrrr-r- 


» g«r.y_  !■»  r i-4 T-rrj»T 


III. 


CREW  MANNING  SENSITIVITY 


Analyses  of  crew  size  requirements  for  the  five  levels  of  mechaniza- 
tion were  performed  to  obtain  approximations  of  the  net  reduction  in 
crew  size  that  could  be  obtained  by  independently  advancing  each 
subsystem  design  through  each  of  the  five  levels  of  mechanization. 
These  analyses  were  performed  for  two  separate  conditions:  (1) 
advancing  the  elements  in  each  subsystem  up  to  but  no  farther  than 
their  recommended  optimum  point  of  advancement  as  identified  in 
Table  TTI-B-25;  and  (2)  advancing  all  subsystem  elements  through  the 
five  levels  of  mechanization  regardless  of  their  recommended  optimum 
point  of  advancement.  In  developing  the  subsystem  crew  size  require- 
ments for  each  level  of  mechanization,  watohstander  functions  were 
evaluated  at  each  level  to  determine  function  reorganization  between 
watchstanders  and  mechanized  control/display  devices. 


Analysis  of  condition  1 thus  identifies  the  subsystem  crew  require- 
ments that  would  exist  if  all  elements  for  a given  subsystem  were 
progressively  moved  to  a particular  level  of  mechanization  but 
advanced  no  farther  than  their  recommended  point  of  advancement. 

Analysis  of  condition  2 identifies  the  subsystem  crew  requirements 
that  would  exist  if  all  elements  for  a given  subsystem  were  progres- 
sively advanced  through  the  five  levels  of  mechanization:  i.e.,  up  to 
and  beyond  their  recommended  or  optimum  point  of  advancement. 


It  must  be  understood,  however,  that  subsystem  elements  which  are 
located  at  higher  levels  of  mechanization  in  the  baseline  SSBN  were 
not  moved  backwards  in  performing  these  analyses;  i.e.,  the  crew 
requirements  numbers  shown  for  each  level  of  mechanization  assume 
that  elements  currently  mechanized  to  a higher  level  would  continue 
to  operate  at  that  higher  level  of  mechanization. 

Figures  A-III-1  through  A-III-10  represent  the  results  of  these 
analyses.  The  solid  line  indicates  crew  requirements  for  condition 
1,  the  dotted  line  represents  the  crew  requirements  for  condition  2. 
Figure  A-III-11  presents  crew  requirements  as  a result  of  the  summa- 
tion of  all  subsystems  mechanized  independently.  These  numbers 
cannot  be  interpreted  to  illustrate  the  crew  required  as  a result 
of  integrated  subsystem  mechanization.  Crew  requirements  for  an 
integrated  ship  mechanization  would  be.  less  since: 

(1)  watchstander  duties  are  not  completely  related  to  any  one 
subsystem; 
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(3)  operational  and  maintenance  training  can  be  diversified; 

(4)  any  one  control  station  can  monitor  requirements  of  more 
than  one  subsystem. 

As  discussed  in  the  body  of  the  report,  crew  requirements  are  not 
the  only  or  most  important  reason  to  mechanize  any  submarine  sub- 
system or  the  entire  ship.  Therefore,  no  such  decisions  should  be 
based  upon  interpretations  of  Figure  A-III-11. 
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Figure  A-III-2  Engineering  Subsystem  Crew  Sensitivity 
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Figure  A-III-S  Auxiliary  Subsyi 


